Stream signatures and aquatic-terrestrial interactions in arthropod food webs by Muehlbauer, Jeffrey Daniel
 “STREAM SIGNATURES” AND AQUATIC-TERRESTRIAL INTERACTIONS IN 
ARTHROPOD FOOD WEBS 
Jeffrey D. Muehlbauer 
A dissertation submitted to the faculty of the University of North Carolina at Chapel Hill 
in partial fulfillment of the requirements for the degree of Doctor of Philosophy in the 
Curriculum for the Environment and Ecology. 
Chapel Hill 
2013 
Approved by, 
Dr. Martin W. Doyle 
Dr. Lawrence E. Band 
Dr. John F. Bruno 
Dr. James B. Heffernan 
Dr. Klement Tockner  
ii 
 
© 2013 
Jeffrey D. Muehlbauer 
ALL RIGHTS RESERVED
iii 
ABSTRACT 
JEFFREY D. MUEHLBAUER: “Stream signatures” and aquatic-terrestrial interactions 
in arthropod food webs 
(Under the direction of Dr. Martin W. Doyle) 
 The focus of this dissertation is on ecological subsidies, or the transmission of 
energy, carbon, and nutrients from one ecosystem to another. Specifically, the four 
individual research projects that form this dissertation are all focused on subsidies from 
streams and rivers to recipient arthropod food webs in terrestrial landscapes. The first 
chapter of this dissertation provides a theoretical basis for a suite of variables that can 
affect the transmission of this subsidy, and comments on areas where the theory 
supporting a given variable is weak and may warrant further investigation. The second 
chapter uses a meta-analysis of the existing literature on the spatially-explicit dynamics 
of river–land subsidies to derive “stream signatures” that highlight the distance that these 
subsidies can penetrate into the terrestrial landscape. In the third chapter, field data from 
a multi-continent study are used to explore the hydrogeomorphic and vegetation 
conditions that affect the stream signature. Finally, the fourth chapter of this dissertation 
uses a flood in a unique river ecosystem to explore how patterns of succession and island 
biogeographical processes interact to affect aquatic and terrestrial arthropod community 
recovery in a highly subsidy-dependent ecosystem after a large flash flood disturbance. 
Overall, this dissertation greatly improves the existing body of literature on the distance 
that aquatic subsidies can travel from streams and rivers to land, and the conditions that 
affect the transmission of these resources to recipient terrestrial food webs.  
iv 
To Jacque, for her patience when it matters most.  
v 
ACKNOWLEDGEMENTS 
 As with any dissertation, the work presented here is a testament to the support, 
advice, and encouragement of numerous individuals, and due to the nature of data 
collection required for this dissertation in particular, I suspect I have more people to 
thank than most. First and foremost, my deepest gratitude is owed to my advisor, Martin 
Doyle, who has been an unfailing source of wisdom, support, and wit during through my 
masters and now PhD research at UNC over the last 6 years. I don’t know where I would 
be without him, but at the minimum his insistence that I “go somewhere else” to carry out 
my dissertation fieldwork was some of the best advice I have ever received. 
 To that end, I also owe a lot to Klement Tockner, who has been nothing but 
encouraging of my research from the time I first emailed him out of the blue, and whose 
support of my fieldwork in Europe and comments on my research have been invaluable. 
The better part of half of my dissertation would not even exist if it had not been for his 
suggestions to look into a meta-analysis or to sample on the Danube River. 
 I am also appreciative of the rest of my committee: Larry Band, John Bruno, and 
Jim Heffernan. They have provided input and advice on proposals, paper drafts, and the 
various other things that go along with graduate school that tend to be overlooked but 
actually add up to quite a lot. I very much appreciate their willingness to serve on my 
committee, and all the unheralded effort it entails 
 For the meta-analysis, I am grateful to Scott Collins, David Dudgeon, Jeff 
Wesner, Kevin Collier, Deb Finn, Zsolt Kovats, Mike Winterbourn, Geoff Petts, Michael 
vi 
Griffith, Peter Wiberg-Larsen, Tomoya Iwata, Joh Henschel, Ari Huusko, and Stuart 
Bunn for graciously (cheerfully even!) sharing their data with me. The meta-analysis is 
by far the better for it. As always, Jack Weiss was also an unending source of answers 
about statistical questions, without which I would probably still be fighting with data 
distributions. 
 For the fieldwork component of this chapter, I particularly thank Stefano Larsen, 
who seamlessly acted as my colleague, translator, field assistant, and friend during the 
formative periods of my research on the Tagliamento and in Berlin. In addition, I thank 
Claudio Cruciat, who was always willing to put up with me when the car broke down, 
when the keys went floating down the river, and during the great number of other small 
crises that tend to come up during field work. From him I learned that a ball-peen 
hammer and a can of WD-40 can fix darn near anything. 
 There are many people to acknowledge for granting me site access permission, 
loaning equipment, pointing out ideal sites, and even assisting with fieldwork at my 
various stops throughout North Carolina and Europe. In Coweeta, Jason Love got my 
research proposal approved on very short notice and then even had the kindness to show 
me around Coweeta and adjacent rivers in the area. Dennis Desmond granted me 
permission to sample the Little Tennessee River adjacent to Coweeta on Little Tennessee 
Land Trust property. Andy Deans, Bob Blinn, and the NC State Insect Museum loaned 
insect sampling equipment during this time as well, and Dan Band and Steve Kennedy 
cheerfully helped me put it to good use. 
 Once in Europe, Martin Pusch, Jürgen Schreiber, Mike Monaghan, Daniel 
Graeber, Daniel von Schiller, and Gwendolyn Porst helped me acquire equipment and get 
vii 
set up on the Tagliamento. Mario Brauns at UFZ allowed me to tag along on his research 
vessel and to sample on the Elbe. Connie Rak helped show me the ropes at Donau-Auen 
National Park in Vienna, and loaned me some undergraduates to help in sampling (I’ve 
forgotten their names, unfortunately). Christian Baumgartner granted me access to these 
sites, and also put me in touch with other managers on the Danube River throughout 
Europe. Of these, Georg Frank helped me correspond with Tibor Parrag, who was 
ultimately instrumental in arranging all of my sampling in Hungary within Duna-Dráva 
National Park. Similarly, Ivana Grujičić, Marco Tucakov, and Vladimir Dobretic granted 
me permissions to sample within Vojvodinašume and the Gornje Podunavlje and 
Obsedska Bara Special Nature Reserves in Serbia, and Radmila Šakic, Slobodan Peter, 
and several park rangers were all very helpful in getting me set up for sampling on the 
Danube and Sava Rivers once I was actually in Serbia. The kind assistance of all of these 
people made sampling on these rivers both intellectually and scientifically very valuable, 
and personally a whole lot of fun. 
 Back in the US, Charles Mitchell and Marty Dekkers at UNC generously allowed 
me to borrow (commandeer?) their lab’s mill grinder and mass balance for the better part 
of a year while I prepped thousands of samples for stable isotope analysis, and Jon Karr 
at Duke ran all these samples. My lab mates Jon Duncan, Scott Ensign, Daisy Small, and 
Autumn Thoyre helped keep me grounded and sane over the past 6 years, and shot down 
my harebrained ideas as gently as possible when necessary. My parents, Mike and 
Debbie, have also been a loving, stabilizing force, and have also made sure I got some 
exercise and didn’t starve when I otherwise would have been too absorbed in work to 
remember such things. 
viii 
 Now that I’m nearing the end, it’s time to thank my wife, Jacque, for putting up 
with a poor grad student for the past 6 years, and particularly for enduring my mania over 
the last few months with notable aplomb. I’m pretty sure no one considers a pair of 
forceps, 200 antifreeze-filled pitfall traps, and thousands of dead bugs to be ingredients 
for an enjoyable vacation, and her volunteer efforts in the name of science are a testament 
to her unwavering support of my entire time in graduate school. 
 Finally, I thank Patrick Clay, who has been my undergraduate assistant 
throughout all the trials and tribulations of my PhD. He must have had no idea what he 
was getting into when I first brought him along for fieldwork on the “exotic” Haw River 
10 miles south of UNC, but now after 6 countries, umpteen months, innumerable bizarre 
experiences in the field, and countless hours behind a microscope or grinding dead bugs 
to a powder, “thank you” just really doesn’t seem to cut it. I wish him all the best.
ix 
TABLE OF CONTENTS 
List of Tables ..................................................................................................................... xi 
List of Figures .................................................................................................................. xiii 
Chapter 
 I. A critical examination of the variables affecting stream  
  subsidy dynamics .........................................................................................1 
 II. How wide is a stream? The spatial extent of the “stream  
  signature” in terrestrial food webs using meta-analysis ............................22 
 III. Hydrologic and geomorphic controls on stream signatures  
  in terrestrial food webs...............................................................................51 
 IV. Interplay of temporal succession and island biogeography  
  in a braided river as a flood decouples a major aquatic– 
  terrestrial subsidy .....................................................................................109 
Appendix 
 A. Literature cited in the stream signature distance–subsidy  
  magnitude dataset from Chapter II ..........................................................137 
 B. Model comparison table and regression coefficients for  
  parameters included in the 7 best, overall stream signature  
  models from Chapter II ............................................................................140 
 C. Site descriptions and arthropod group designations used in  
  Chapter III ................................................................................................144 
 D. Model comparison tables for parameters included in the  
  best, overall stream signature prediction models for  
  predator attraction and food webs from Chapter III ................................151 
 E. Calculation of shear stress to assess bed mobilization for  
  Chapter IV ................................................................................................156
x 
Appendix (continued) 
 F. Annotated photograph showing sampling locations used  
  in Chapter IV............................................................................................158 
 G. Significance tests for analyses described in Chapter IV ..........................159 
Supplement 
 1. Stream signature meta-dataset containing all available  
  distance–subsidy magnitude data from Chapter II...................................164 
 2. Subsidy–distance decay data for the predator attraction  
(abundance*biomass) effect at all sites sampled for 
Chapter III ................................................................................................254 
 3. Subsidy–distance decay data for food web (stable isotope  
  portion aquatic) effect at all sites sampled for Chapter III ......................262 
Literature Cited ................................................................................................................268
xi 
LIST OF TABLES 
Table 
 I-1. Variables potentially affecting river–land subsidies ..................................19 
 II-1. Fits of explanatory variables used in meta-analysis ..................................44 
 II-2. Comparison of best curve fits for data subsets in  
  meta-analysis..............................................................................................45 
 II-3. Stream signatures from the meta-analysis .................................................46 
 III-1. Sites that did not fit a decay curve .............................................................92 
 III-2. AIC values for candidate model functions .................................................93 
 III-3. Fits of explanatory variables used in predator  
  attraction models ........................................................................................94 
 III-4. Fits of explanatory variables used in food web models .............................95 
 III-5. Stream signatures for predator attraction and food web data ....................96 
 B1. Multivariate model comparison table from meta-analysis in  
  Chapter II .................................................................................................140 
 B2. Regression coefficients for best model in meta-analysis  
  from Chapter II ........................................................................................141 
 C1. Site descriptions from Chapter III............................................................144 
 C2. Major arthropod groups used in Chapter III ............................................150 
 D1. Multivariate model comparison table for predator  
  attraction data in Chapter III ....................................................................151 
 D2. Multivariate model comparison table for food web data in  
  Chapter III ................................................................................................153 
 G1. Ordination group perMANOVA tests for Chapter IV .............................159 
 G2. Homogeneity of group dispersion tests for Chapter IV ...........................160 
 G3. Immigration vs. species richness ANCOVA tests for  
  Chapter IV ................................................................................................161 
xii 
Table (continued) 
 G4. Beetle and spider relative abundance model results for  
  Chapter IV ................................................................................................162 
 G5. Aquatic and terrestrial species richness model results for  
  Chapter IV ................................................................................................163  
xiii 
LIST OF FIGURES 
Figure 
 I-1. Potential interactions among river–land subsidy variables ........................21 
 II-1. Subsidy–distance decay curves for all meta-analysis data ........................48 
 II-2. Stream signatures for different taxa in meta-analysis ................................49 
 II-3. Signatures for lake and marine ecosystems for  
  comparison with streams............................................................................50 
 III-1. (Plate). Photographs of study sites .............................................................99 
 III-1. Predicted subsidy–distance decay curves ................................................100 
 III-2. Conceptual model of observed distance–decay curves ............................101 
 III-3. Predator attraction subsidy–distance decay curves on  
  the Tagliamento River..............................................................................102 
 III-4. Predator attraction subsidy–distance decay curve for a  
  levee site...................................................................................................103 
 III-5. Food web subsidy–distance decay curve for a large  
  river levee site ..........................................................................................104 
 III-6.  Examples of sites that did and did not fit a decay curve ..........................105 
 III-7. Food web stable isotope data within a braided river  
  cross section .............................................................................................106 
 III-8. Adult macroinvertebrate sample abundance*biomass .............................107 
 III-9. Conceptual figure of subsidy importance with distance ..........................108 
 IV-1. (Plate). Photographs of the site before, during, and  
  after flooding ............................................................................................131 
 IV-1. Arthropod community ordinations for flood recovery .............................132 
 IV-2. Species immigration-extinction curves ....................................................133 
 IV-3. Relative abundance of beetles and spiders...............................................134 
xiv 
Figure (continued) 
 IV-4. Cumulative richness over time for aquatic and  
  terrestrial communities.............................................................................135 
 IV-5. Arthropod biomass, site biomass, and site abundance  
  over time ..................................................................................................136 
 F1. Flood recovery sampling transects from Chapter IV ...............................158
 Chapter I: 
A critical examination of the variables affecting stream subsidy dynamics 
Abstract 
 Stream and river ecosystems provide subsidies of emergent adult aquatic insects 
and other resources to terrestrial food webs, and this river–land subsidy has been the 
focus of much recent attention in the literature. In this paper, I propose and critically 
examine a list of biotic and structural variables—including productivity, dominant taxa, 
stream geomorphology, and weather—that should be important in affecting the nature of 
these subsidy dynamics between stream and terrestrial ecosystems. I also explore many 
of the major interactions between these variables and discuss how these interactions can 
lead to otherwise unexpected patterns in terms of an aquatic subsidy’s importance to a 
given terrestrial food web. Where possible, I provide brief reviews of the literature in 
support of each variable’s inclusion in my list. In many cases, the literature for a given 
variable is sparse, in spite of strong theoretical underpinnings supporting the variable’s 
importance to river–land subsidies. Notably, these understudied variables include those 
related to the physical geomorphology and structure of the stream and floodplain/riparian 
zone, and the species-specific interactions between aquatic and terrestrial organisms at a 
site. I suggest that more explicit characterization of these variables can help provide a 
more mechanistic understanding to the study of river–land subsidy dynamics. 
Key words: Subsidies; rivers; streams; food webs; variables
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INTRODUCTION 
 The observation that organisms can cross ecosystem boundaries and that 
biological energy can therefore be transferred between adjacent ecosystem food webs is 
not new. In fact, recognition of such exchanges pre-dates the emergence of ecology as a 
discipline (see, e.g., Darwin 1839 for discussion of beetles at sea). Quantification of the 
magnitude of these exchanges is also well-established, and it has been nearly a century 
since the first study to make such measurements was published (Summerhayes and Elton 
1923). Over the past 2 decades or so, however, research in this area has gained an 
increased level of scientific interest, rigor, and nuance (Polis and Hurd 1995, Nakano and 
Murakami 2001, Sabo and Power 2002b). Now united under the term “subsidies,” 
meaning the transfer of resources from one ecosystem to another (Polis et al. 1997), 
subsidy research has burgeoned to the point where it has become a mainstay of ecology 
(Polis et al. 2004a). 
 In streams and rivers, aquatic resources can travel from rivers to land, particularly 
in the form of emergent adult aquatic insects. For over 25 years, stream ecologists have 
known that the magnitude of this subsidy can be quite large (Jackson and Fisher 1986). 
Nonetheless, subsidies in stream ecology have historically been depicted as unidirectional 
in the opposite direction (land–river), with leaves, sediment, and other resources being 
transferred from the upland and riparian ecosystems into the riverine environment (e.g., 
Leopold et al. 1964, Vannote et al. 1980, Caraco and Cole 2004). In this paradigm, river–
land subsidies were largely ignored. 
 More recently the paradigm of subsidy research in streams has shifted, and 
substantially more research interest is now directed at what are now referred to as 
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“reciprocal subsidies;” bi-directional resource exchanges between rivers and land 
(Nakano and Murakami 2001), with river–land subsidies gaining increasing prominence 
(Power et al. 2004). In fact, several review papers have recently been published 
synthesizing the past decade or so of research related to aquatic resource transfer into 
terrestrial ecosystems (Baxter et al. 2005, Ballinger and Lake 2006, Marczak et al. 2007b, 
Paetzold et al. 2007, Gratton and Vander Zanden 2009, Richardson et al. 2010, Marcarelli 
et al. 2011, Parkyn and Smith 2011, Bartels et al. 2012). These papers, in one form or 
another, all highlight the importance of stream and river ecosystems in subsidizing 
terrestrial food webs. 
 In spite of these recent syntheses, our understanding of river–land subsidies 
remains highly imperfect. The fact that such subsidies exist and their potential 
importance to recipient ecosystems is no longer disputed (Jackson and Fisher 1986, 
Nakano and Murakami 2001, Sabo and Power 2002b, Marczak et al. 2007b). However, 
the rationale for when, where, and why river–land subsidies are important to terrestrial 
food webs lacks theoretical synthesis. With this in mind, the purpose of the paper is not to 
provide and exhaustive review of the literature on river–land subsidies per se (again, such 
exacting reviews have already been done, e.g., Baxter et al. 2005). Instead, my objective 
here is to present and logically work-through a roughly comprehensive list of variables 
that may affect river–land subsidy transmission, many of which have not received 
thorough treatment previously.  
 I focus predominantly on food web subsidies from emergent adult aquatic insects 
to terrestrial arthropod predators. This was done partially to avoid confusion derived from 
simultaneously considering multiple trophic levels and clades, but primarily because 
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most studies in the literature have focused on these individuals. Where possible, I use 
results from extant, particularly relevant studies to annotate and expound upon the 
rationale supporting each variable. Where scant literature exists for given variables, I 
suggest that they represent opportunities for additional research that improves our site-
specific and global understanding of river–land subsidy dynamics in aquatic/riparian 
ecotones. 
VARIABLES AFFECTING RIVER–LAND SUBSIDIES 
 The following variables are thought to be the major factors likely to affect the 
transmission of subsidies from streams and rivers to land (Table I-1). In some cases (e.g., 
“aquatic productivity”), variables are included broadly so as to be more inclusive of 
subsidy dynamics in a global sense; in others (such as bank height), variables are more 
rigidly defined as they are expected to have a specific effect regardless of site. Variables 
are approached generally in the sense of including them as predictors in a model, and 
regression-related terminology such as “factor” and “interaction” is used throughout. 
However, it should be noted that this approach is taken as a means of organizing concepts 
in an ecological lingua franca and it is not meant to imply that the consideration of these 
variables in other constructs or research outside of a regression context is not useful. 
Production 
 Some assessment of aquatic productivity is common in many studies of river–land 
subsidies (Marczak et al. 2007b), and it is reasonable to assume that more productive 
streams should have more energy and nutrient resources available for export as subsidies. 
In a general sense, high stream productivity does seem to exert a strong, positive control 
on the distance that aquatic subsidies travel through the landscape (Muehlbauer et al. In 
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Review). High in-stream primary productivity (I-e., algal growth) has been shown to act 
as a subsidy to riparian crickets (Bastow et al. 2002), although to some extent feeding 
may be based more upon the need for water, rather than carbon, derived from the algae 
(sensu McCluney and Sabo 2009, 2010). Locally high patches of primary productivity in 
floating algal mats may also promote river–land subsidies indirectly, by acting as 
“hotspots” of insect emergence (Power et al. 2004) or serving as jump pads for newly 
emerged insects. In the latter case, insects emerging on these mats may be relatively less 
exposed to terrestrial predators than insects that emerge on the channel banks (Paetzold et 
al. 2007), potentially affecting the length that such subsidies travel into the landscape 
before being incorporated into food webs.  
 Increased aquatic secondary production—of aquatic macroinvertebrates in 
particular—should result in a higher biomass of subsidies to terrestrial landscapes, which 
occurs via a more direct mechanism than for primary production. In theory, higher 
secondary production in-stream should ultimately lead to larger-bodied, more abundant 
adult insects emerging from the stream and travelling onto the terrestrial landscape, 
resulting in greater subsidy transmission (Jackson and Fisher 1986). However, the 
relationship between varying levels of in-stream production and subsidy transmission 
turns out to be multifaceted (Davis et al. 2011), as discussed later in the “multivariate 
interactions” section. 
 Much as in-stream production is thought to generally enhance the importance of 
river–land subsidies between ecosystems, high levels of terrestrial productivity may limit 
an aquatic subsidy’s effect on terrestrial food webs. This is perhaps best illustrated in 
cases where terrestrial production (of both vegetation and consumers) is relatively low 
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(Paetzold et al. 2007). In one such case, riparian beetles derive more than 80% of their 
energy from subsidies obtained via direct feeding on in-stream and emergent adult 
aquatic insects (Paetzold et al. 2005). In contrast, riparian beetles in another study of 
smaller streams that had more dense vegetation (and, subsequently, more consumers as 
potential prey) fed primarily on terrestrial prey resources (Hering and Plachter 1997). 
Subsidies can be particularly important when productivity in the recipient terrestrial 
ecosystem is low (Polis and Hurd 1995). 
Dominant taxa 
 The species composition of both in-stream and terrestrial communities can 
influence the strength of the subsidy effect from rivers to land (Muehlbauer et al. In 
Review). For in-stream communities, different aquatic macroinvertebrate taxa emerge at 
different times of day and different times of year, in different densities, and their body 
size as adults also varies widely (Jackson 1988). For example, some stonefly species are 
large-bodied and long-lived, but they emerge fairly asynchronously and in low numbers 
in winter (Müller 1973). As such, they may represent a large subsidy in individual cases 
where a single predator eats a single stonefly, but this effect is highly patchy and 
localized and the overall food web of a riparian zone may be relatively unaffected by the 
subsidy. Chironomid midges in contrast, are small-bodied and short-lived but often 
emerge in great swarms in summer and can represent a large subsidy to the entire riparian 
zone (Gratton and Vander Zanden 2009). Some insects also are more inclined to disperse 
more widely than others to search for food or mates (Macneale et al. 2005, Finn and Poff 
2008), and they have the potential to provide a subsidy to terrestrial food webs even at 
great distances from the stream. Combined, these dynamics affect whether aquatic 
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organisms expend energy to fly far into the terrestrial landscape (Griffith et al. 1998, Finn 
and Poff 2008) and the spatio-temporal dynamics of where and when the aquatic subsidy 
resource is available to predators. 
 Logically, the structure of the terrestrial community should also be important in 
describing river–land subsidy dynamics (Sanzone et al. 2003), as these organisms are the 
recipients of aquatic subsidies and are ultimately responsible for determining how much 
aquatic biomass gets incorporated into the terrestrial food web. For instance, if terrestrial 
predators are predominantly water surface or ground-based (Paetzold et al. 2005, 
Marczak et al. 2007a), then many insects may be consumed at emergence, making the 
subsidy effect highly concentrated at the bank. In contrast, predators living in the 
overhanging vegetation surrounding streams (e.g., tetragnathid spiders) will be more 
effective at capturing flying insects (Power et al. 2004), so emergent adult aquatic insects 
that make it past this filter likely stay lower to the ground and possibly do not travel as far 
as a result. Finally, the feeding strategies of some terrestrial taxa make them more reliant 
on aquatic taxa than other terrestrial organisms: whereas arboreal webbed spiders can 
capture and eat any organisms (terrestrial or aquatic) that happen to be caught in their 
webs, taxa that forage by moving onto exposed cobbles on the water surface to feed on 
aquatic resources (e.g., some spider and beetle taxa in braided river corridors, Paetzold et 
al. 2005, Paetzold et al. 2007) are necessarily more limited in their feeding options and 
are more dependent upon river–land subsidies. Thus, the relative importance of the 
subsidy can depend on the adaptations of predators to actually consume the resource. 
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Terrestrial vegetation structure 
 The movement of aquatic subsidies from river to land can also be affected by the 
structure of terrestrial vegetation. Boundaries between vegetation types, such as between 
poorly vegetated, floodplain active corridors and densely forested uplands, can act as 
barriers to organism dispersal (Cadenasso and Pickett 2001) and, therefore, the 
transmission of subsidies (Cadenasso et al. 2004). Such boundaries may also serve to 
concentrate aquatic subsidies; in one study, for example, a small break in forest cover in 
the middle of a forested transect between 2 streams received an anomalously high 
concentration of stoneflies relative to their abundance elsewhere along the transect 
(Macneale et al. 2005). In studies that differentiated vegetation land use as open pasture 
or as forest, caddisfly and stonefly taxa generally declined in abundance as forest cover 
increased (Collier et al. 1997, Briers et al. 2002). Particularly in terms of the distance that 
an aquatic subsidy travels through the terrestrial landscape, dense terrestrial vegetation 
seems to have a negative effect on subsidy transmission. 
Geomorphology 
 In much the same way that vegetation structure seems to affect the ability of 
aquatic subsidies to move through the terrestrial environment, physical channel bank 
conditions may also act as impermeable barriers to dispersal. Certain aquatic taxa, such 
as stoneflies, crawl out onto banks immediately prior to emergence as winged adults, and 
in some cases possess life history strategies that require them travel long distances on the 
ground laterally from the stream (Thomas 1966, 1969, Müller 1973). The presence of a 
steep bank may result in high mortality for these individuals. Such individuals provide 
the majority of energy for certain ground-based terrestrial predator communities (Hering 
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and Plachter 1997, Paetzold et al. 2005, Paetzold et al. 2007). If steep banks vertically 
disconnect terrestrial predators at the ground surface from prey resources at the water 
surface some distance below, this ground-based subsidy pathway is effectively 
eliminated. In one study, increased channelization due to river flow regulation reduced 
riparian arthropod densities significantly (Paetzold et al. 2008), although this is likely in 
part a response to increased inundation (Gerken et al. 1991, Greenwood et al. 1995). 
Similarly, levees and other geographic features located away from the bank may 
nonetheless prevent subsidy transmission, as many emergent adult aquatic insects are 
weak fliers and remain at low altitudes as they disperse throughout the terrestrial 
landscape (Jackson and Resh 1989, Didham et al. 2012). Although no studies have 
directly assessed the discontinuity effect of such steep bank or levee conditions on 
subsidies, it seems likely that this physical connectivity impairment between aquatic and 
terrestrial ecosystems should adversely affect river–land subsidy dynamics. 
 Aside from bank morphology, the physical structure (geomorphology) of the river 
itself should also influence subsidy transmission (Muehlbauer et al. In Review). The 
hydrogeomorphic setting of a river establishes a habitat mosaic that is colonized 
differently by various terrestrial taxa (Greenwood et al. 1995). Further, increasingly 
complex and more sinuous channel morphologies serve to increase stream length, which 
results in increased physical interaction between aquatic and terrestrial ecosystems, 
potentially leading to an increase in the magnitude of the river–land subsidy (Paetzold et 
al. 2007). This prediction has been supported by studies of birds feeding on emergent 
adult aquatic insects (Iwata et al. 2003), by meta-analysis (Muehlbauer et al. In Review) 
and by mathematical modeling efforts (Sabo and Hagen 2012), although all of these have 
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been based only on varying sinuosity in single-channel streams. Aquatic subsidies are 
also very important in at least one more geomorphically-complex, multi-channel (I-e., 
braided) river (Paetzold et al. 2005), although comparative studies in this case are 
lacking. 
 Similarly, smaller streams have a higher ratio of stream bank relative to channel 
width, meaning the amount of aquatic-terrestrial interaction is proportionally larger in 
small streams and aquatic subsidies may be expected to be more important in these 
stream reaches as a result (Power and Dietrich 2002, Ballinger and Lake 2006). However, 
larger streams and rivers (I-e., higher order streams) should theoretically support greater 
exports of aquatic subsidies (Henschel 2004), based purely on their increased ecosystem 
size (Post et al. 2007). Larger rivers represent a larger area and potential source pool of 
aquatic resources, and thus are expected to output a greater amount of subsidy to 
terrestrial ecosystems (Gratton and Vander Zanden 2009). In reality, both assumptions 
likely hold true to a point (length:width ratio in smaller streams, stream size in larger 
rivers), and subsidy magnitude may be greatest in mid-order streams where the 
combination of the 2 is maximized (Muehlbauer et al. In Review). 
Weather and climate 
 Weather and climate may play a role in the transmission of river–land subsidies, 
especially in affecting the dispersal of emergent adult aquatic insects. Strong wind 
conditions, for instance, can potentially serve to disperse the subsidy resource far away 
from the stream (den Boer 1990, Witman et al. 2004), potentially making the distribution 
of the subsidy on land more random (Muehlbauer et al. In Review). In reality, however, 
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the effect of wind on river–land subsidies can be variable and is not predictable based on 
wind speed alone (Briers et al. 2003, Finn and Poff 2008). 
 Other conditions related to weather and climate, notably temperature, may affect 
river–land subsidies as aquatic resources respond to warmer or cooler conditions. In one 
study, for example, daytime temperature was correlated with adult stonefly abundance on 
land across multiple streams (Briers et al. 2003). However, high temperatures in a desert 
stream shortened the lifespan of mayfly adults (Jackson 1988), potentially reducing the 
magnitude and spatial extent of this subsidy to terrestrial predators. Likely, increased 
temperature is beneficial to organism metabolism (and, by extension, emergence and 
river–land subsidy transmission) to a certain point (sensu Brown et al. 2004), above 
which it becomes an impediment to long-term survival. 
MULTIVARIATE INTERACTIONS 
 Many of the variables described above seem to have important effects on river–
land subsidy dynamics in their own right. However, in many cases the interaction of 
multiple variables can affect the subsidy in ways that are not predictable based on the 
independent effect of each variable in isolation. The purpose of this section is to discuss 
situations in which such interactions are likely to be important in affecting subsidy 
transmission (Fig 1), and to note some of the most commonly described interactions. 
Productivity gradients 
 The difference in productivity between donor and recipient ecosystems is thought 
to be the principal driver of ecological subsidies (Polis et al. 1997). In the case of aquatic 
subsidies to terrestrial ecosystems, the interaction of a high productivity in-stream 
environment with a less productive adjacent terrestrial ecosystem should result in a strong 
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river–land subsidy (Henschel 2004). Although there are exceptions (e.g., Marczak and 
Richardson 2007), the results of several studies have generally supported this theory 
(synthesized in Marczak et al. 2007b), and large productivity gradients between rivers 
and land do seem to set the stage for aquatic subsidies to be important in terrestrial food 
webs. Further, high in-stream productivity can lead to high densities of adult aquatic 
insect emergence, and this large amount (and, in some case, higher quality, Bartels et al. 
2012) of subsidy prey resources to terrestrial predators can have cascading effects on 
terrestrial prey species, as they are relieved of some predation stress (Henschel et al. 
2001, Murakami and Nakano 2002). 
 High aquatic productivity can also be detrimental to the ability of a stream 
resource to subsidize terrestrial food webs, however, which adds nuance to the aquatic-
terrestrial productivity interaction. In a study of river–land subsidies in a nitrogen-
enriched stream, Davis et al. (2011) found that increased stream secondary production 
resulting from the nutrient enrichment led to an increase in the biomass (subsidy) of 
emergent adult aquatic insects. This actually led to a decline in spider feeding on this 
subsidy, presumably because the emergent adults grew too big under high nutrient 
conditions and were thus large enough to avoid being physically consumed by spiders 
(Davis et al. 2011). Thus, in the case of extremely high ratios of stream:terrestrial 
production, this interaction may actually serve to decrease a subsidy’s importance. 
Community structure 
 The interaction between aquatic and terrestrial organisms in determining the 
importance of a river–land subsidy is also important at the taxonomic (e.g., individual 
species) level. For example, many mayfly taxa emerge from the stream as winged adults 
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and fly (albeit weakly) to land directly from the water surface. As discussed earlier, 
however, many stoneflies crawl out of the water onto land prior to their imaginal molt 
(Thomas 1966, 1969). Thus stoneflies, by virtue of this aspect of their life history, are 
likely to provide more of a subsidy than mayflies to ground-dwelling riparian fauna such 
as carabid beetles (a common ground predator along stream banks, Hering and Plachter 
1997, Hering 1998). Emergent mayfly adults, in contrast, may be more likely to become 
prey to arboreal web spiders at the stream edge (sensu Sanzone et al. 2003, Raikow et al. 
2011).  
 Terrestrial, subsidy-reliant predators are presumably adapted to effectively 
capitalize on the aquatic resource (e.g., fewer webbed spiders along a stream dominated 
by stoneflies). This was supported by one study in which removing ground beetles had 
the most positive effect on stoneflies, while caddisflies were most benefitted by the 
exclusion of spiders (Paetzold and Tockner 2005), and in a similar study where the 
removal or addition of aquatic subsidies affected riparian predators differently (Paetzold 
et al. 2006). Because different adult aquatic insects emerge or are most active at different 
times of day and night (Jackson and Fisher 1986, Ward et al. 1996), their role or 
importance as a subsidy should be dependent on the specific predator food web; food 
webs of nocturnally-foraging bats, for instance (e.g., Kalcounis et al. 1996), likely do not 
include many daytime-emergent taxa. Further, the presence of high densities of predators 
directly at or on the water surface can effectively prevent the aquatic subsidy from ever 
entering riparian food webs, resulting in an interaction between terrestrial predator food 
webs composed of certain taxa on substrates at the water surface (e.g., water striders) and 
those located in the riparian zone (Marczak et al. 2007a). 
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 Due to such interactions between specific aquatic and terrestrial taxa, potential 
disconnects exist whereby, for example, mayfly subsidies may extend farther into the 
landscape than stonefly subsidies where habitat conditions prevent a webbed spider 
population from becoming established near the stream. In contrast, long-distance 
dispersal of emergent adult aquatic insect subsidies in densely forested areas with both 
aerial and ground-dwelling predators may only be possible for a special subset of 
individuals: those stonefly individuals that escape ground-based predation, and some 
winged imagoes that are able to fly higher than the arboreal predator webs. In such cases, 
however, the surviving individuals that successfully pass through this predation gauntlet 
may disperse quite far into the landscape (Macneale et al. 2005, Didham et al. 2012).  
Habitat structure 
 Vegetation structure has just been alluded to in the sense that the presence of trees 
and other vertical landscape features near streams allow the establishment of arboreal 
predators, affecting the effectiveness of ground vs. aerial-based subsidies. Thus, aside 
from forcing emergent adult aquatic insects to navigate through dense vegetation and 
acting as a purely physical barrier to dispersal (Cadenasso and Pickett 2001, Cadenasso et 
al. 2004), vegetation provides habitat that favors certain terrestrial groups, and aquatic 
and terrestrial taxa may be more or less effective as subsidy sources and recipients 
depending on their ability to avoid or capitalize on this vegetation structure. In one study 
of moorland vs. forest, for example, almost all mayflies were caught in the open moor, 
but proportionally more stoneflies and caddisflies (albeit not the majority) were found in 
the forest (Petersen et al. 2004). 
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 Stream size may further affect the strength of this vegetation structure-
aquatic/terrestrial taxa interaction, as small streams are often densely forested, with a 
closed canopy (Vannote et al. 1980). In very small streams in the Coweeta Hydrologic 
Lab (North Carolina, USA, Swank and Crossley 1988), for example, vegetation can 
effectively close off the entire stream in all 3 dimensions (including < 1 m above the 
stream), and webbed, tetragnathid spider densities within this wall of vegetation can be 
very high (personal observation). It seems likely that the interaction of vegetation and 
stream size has a strong effect on subsidies to arboreal predator food webs in such sites, 
although it may also depress aquatic productivity (and therefore subsidy magnitude) via 
intense shading (Vannote et al. 1980, Marcarelli et al. 2011). 
 Similarly, the purported effect of bank steepness and levee height alleged earlier 
may have differential impacts on different stream and terrestrial fauna, as the presence of 
these geographic features may block the emergence of some taxonomically-specific 
subsidies (again, e.g., stoneflies), but may be less of an impediment to other taxa so long 
as the bank or levee height is below some limit (perhaps ~2 m, based on Jackson and 
Resh 1989, Didham et al. 2012). Foraging at or on the water’s edge by subsidy-reliant 
ground taxa (Bastow et al. 2002, Paetzold et al. 2005, Paetzold et al. 2007) may also be 
prohibitive at sites with steep banks, although it may have little effect on more arboreal 
predators (Sanzone et al. 2003). This results in a potential interaction effect between 
banks and terrestrial taxa as well. This potential subsidy-affecting phenomenon has 
received no explicit assessment (Muehlbauer et al. In Review); however, in one study, 
bats (an arboreal predator) preferred stream habitat with valley confinement (perhaps 
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akin to steep banks), even though aquatic resources were more abundant in unconfined 
reaches (Hagen and Sabo 2011). 
 More broadly, the geomorphology of the river channel and its floodplain also may 
have some interaction with both aquatic and terrestrial taxa. Braided morphologies, for 
example, support multiple channels with small terrestrial zones in between them. For the 
purposes of subsidy transmission, this effectively reduces a large river to a series of 
smaller stream channels, potentially improving the success of taxa that emerge as weak 
fliers by shortening the distance that individuals must fly before reaching land by 
allowing them to rest on middle channels rather than crossing the entire active corridor at 
once In such a construct, these middle channels may serve a similar role to the algal mat 
“emergence hotspots” noted by Power et al. (2004). For these weak-flying taxa that 
would normally suffer high mortality via drowning, their potential to act instead as a 
terrestrial subsidy may be improved by increasingly complex river geomorphology. 
Again, although some research has been conducted to show that subsidy transmission can 
be high at stream meanders (Iwata et al. 2003, Sabo and Hagen 2012) and along braided 
rivers (Paetzold et al. 2005), this potential interaction between geomorphology and 
specific subsidy characteristics has not received comprehensive attention in the literature. 
Weather, climate, season 
 Weather and climate conditions can also interact with both aquatic and terrestrial 
taxa in organism-specific ways. While strong winds do seem to entrain and disperse 
small, weak flying insects such as midges over long distances (Finn and Poff 2008, 
Muehlbauer et al. In Review), they may nonetheless force larger-bodied taxa such as 
stoneflies to remain nearer the stream (Briers et al. 2003), keeping the potential subsidy 
17 
from these organisms highly localized and concentrated. Similarly, terrestrial taxa may 
respond to water stress, and subsidies may become more pronounced in certain terrestrial 
food webs as water becomes more limiting. In a stream in the arid US southwest, for 
instance, riparian lycosid spiders seem to rely on prey resources more for their stored 
water capacity than for their energy and nutrients (McCluney and Sabo 2009, 2010). 
Arboreal tetragnathid spiders may also remain near the stream not necessarily for the 
subsidy of energy, but rather to avoid dessication (Power et al. 2004). Thus, water-laden 
aquatic prey subsidies may become more important to such predators under drought 
conditions when water becomes more limiting. 
 Finally, seasonality (time of year) can have a potentially large interaction effect 
on the importance of riverine subsidies to terrestrial food webs when considered in 
concert with other variables. This effect seems largely due to the temporally-
heterogeneous emergence of aquatic taxa, which varies from site-to-site on a species and 
community-wide scale (Müller 1973, Paetzold and Tockner 2005, Davis et al. 2011). 
Particularly where seasonally high aquatic productivity coincides with low terrestrial 
productivity, river–land subsidies can be very important to the terrestrial ecosystem 
(Nakano and Murakami 2001), and asynchronous, seasonal emergence timing of different 
taxa can affect the growth of terrestrial subsidy-dependent predators (Marczak and 
Richardson 2008). Thus, although the effect of seasonality seems to be based primarily 
on its interaction with other variables, these seasonal effects on productivity and species-
specific dynamics can be quite important in river–land subsidy dynamics. 
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CONCLUSIONS AND FUTURE RESEARCH 
 This paper has highlighted what I believe to be the primary controls on river–land 
subsidy transmission, and has explored some of the major ways in which these variables 
may interact to affect these subsidy dynamics. Where possible, the theoretical 
underpinnings behind each variable have been backed up by support from data-based 
research studies; however, some variables remain unstudied in conjunction with river–
land subsidies. In particular, variables related to the physical environment have received 
scant attention in the literature, yet conditions related to stream size, geomorphology, 
bank height, etc. seem almost certain to have an effect on the magnitude of aquatic 
subsidies and the distance that this subsidy propagates through food webs in the 
terrestrial landscape (Muehlbauer et al. In Review). Taxon-specific interactions deriving 
from differences in species’ life history and behavioral traits also have been shown to be 
important (e.g., Paetzold et al. 2006), and research into such traits may help explain the 
substantial variation in subsidy importance that can be found between sites (Marczak et 
al. 2007b, Muehlbauer et al. In Review). I suggest that more explicit consideration of 
these and other variables and interactions outlined in this paper can be beneficial in 
working towards a more mechanistic understanding of subsidy dynamics between aquatic 
and terrestrial ecosystems at the river–land ecotone. 
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TABLES 
TABLE I-1. List of variables potentially affecting river–land subsidies, along with the 
general predicted nature of this effect (I-e., to increase or decrease the strength of 
the subsidy). Representative, key studies are cited for each variable, as available. 
Studies are listed chronologically within a row; thus their order does not 
necessarily signify their relevance. 
 
Variable Effect on subsidy Key references 
Aquatic production Increase Jackson and Fisher 1986, Marczak et al 2007b,  
Davis et al. 2011, Muehlbauer et al. In Review 
Terrestrial production Decrease Hering and Plachter 1997, Henschel et al. 2001, 
Paetzold et al. 2005, Marczak et al. 2007b 
Dominant aquatic taxa Varies Griffith et al. 1998, Paetzold et al. 2006,  
Finn and Poff 2008, Muehlbauer et al. In Review 
Dominant terrestrial taxa Varies Sanzone et al. 2003, Power et al. 2004,  
Paetzold et al. 2005, Marczak et al. 2007a 
Vegetation structure Decrease Collier et al. 1997, Briers et al. 2002,  
Petersen et al. 2004, Macneale et al. 2005 
Bank height /  
connectivity impairment 
Decrease Paetzold et al. 2008 
Stream geomorphic 
complexity 
Increase Iwata et al. 2003, Sabo and Hagen 2012,  
Muehlbauer et al. In Review 
Stream size Increase Henschel 2004, Ballinger and Lake 2006,  
Muehlbauer et al. In Review 
Weather/climate Varies Briers et al. 2003, Finn and Poff 2008,  
McCluney and Sabo 2009 
Season Varies Nakano and Murakami 2001, Paetzold and 
Tockner 2005, Marczak and Richardson 2008 
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FIGURE LEGENDS 
FIG. I-1. Potential interactions among river–land subsidy-related variables. The direction 
of the arrow indicates the probable direction of the interaction, as discussed in the 
text. 
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FIG. I-1.
 Chapter II: 
How wide is a stream? The spatial extent of the “stream signature” in terrestrial 
food webs using meta-analysis 
Abstract 
 The magnitude of cross-ecosystem resource subsidies is increasingly well-
recognized; however, little is known about the spatial extent to which these subsidies 
travel into the recipient landscape. In streams and rivers, this distance can delimit the 
“biological stream width,” complementary to hydro-geomorphic measures that generally 
define stream ecosystem boundaries (e.g., channel banks). In this study we use meta-
analysis to define a “stream signature” on land that relates stream-to-land subsidy 
magnitude to distance. This allows identification of the point where, for example, food 
webs are still 50%-derived from aquatic sources (and are, therefore, “half stream”). The 
decay curve for these data is fit by a negative power function with a long tail. Thus, 
although the 50% stream signature was concentrated near the stream banks (1.5 m, on 
average), a non-trivial portion of terrestrial food web energy (10%) was still aquatic in 
origin even at distances > 0.5 km. The meta-dataset also enabled identification of a suite 
of important explanatory variables affecting the stream signature, improving our 
cognizance of ecosystems where subsidies are likely to be most important. The resultant 
multivariate models from this analysis may also be useful to managers implementing 
buffer rules and conservation strategies for stream and riparian function, as they are 
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capable of being tuned to predict the stream signature in specific ecosystems. Our results 
stress that subsidies can travel great distances into adjacent environments and that the 
effective “biological stream width” of stream and river ecosystems is often much larger 
than has been classically defined by hydro-geomorphic metrics alone. Finally, the limited 
data available from marine and lake sources overlap well with the stream signature data, 
indicating that the “signature” approach may be broadly applicable to subsidy spatial 
dynamics across myriad ecosystems. 
Key words: Aquatic subsidies; meta-analysis; stream; food webs; insects; distance  
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INTRODUCTION 
 For almost 20 years, ecologists have recognized the importance of ecological 
resource subsidies that allow material biomass, organisms, and—fundamentally—energy 
transfer to food webs across classical ecosystem boundaries (Polis et al. 2004a). In many 
cases, subsidies provide energy that allows higher trophic level consumers to exist at 
densities that seem incongruous with in situ basal production (Polis and Hurd 1995). 
They also mediate resource gradients between recipient and donor ecosystems and 
provide nutrients that facilitate primary production (Polis et al. 1997, Henschel 2004). 
The magnitude of subsidies and their effect on recipient ecosystems can be pronounced at 
clear habitat-transitioning ecotones (Nakano and Murakami 2001), although in some 
cases (as in bird migrations), subsidies can have landscape-ecological effects (Holt 1996, 
Kitchell et al. 1999) and can even be transported on a continental scale. 
 Freshwater ecosystems are disproportionately represented in this literature 
because they serve as exemplary case studies of cross-ecosystem subsidies: they are 
recipients of terrestrial inputs of leaves, sediment, and nutrients, which are classically 
thought to be processed in situ and conveyed downstream. More recently, the 
multidirectional complexity of material flows to and from river systems has also been 
recognized, most acutely in the case of “reciprocal subsidies” (sensu Nakano and 
Murakami 2001), in which aquatic insects, salmon (Helfield and Naiman 2001), otters 
(Ben-David et al. 1998), birds (Bueno et al. 2011), bats (Power et al. 2004), and other 
organisms transfer energy back onto floodplains and riparian forests. Whereas the 
subsidy input to the stream (mostly leaf litter) is of low nutritive quality, reciprocal 
stream exports back to land (e.g., emergent aquatic insects) have much higher C:N ratios 
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and affect higher (predator) trophic levels. It is now clear that streams subsidize food 
webs of terrestrial ecosystems, and that the magnitude of this subsidy can be quite large 
(Baxter et al. 2005). 
 However, noting the magnitude of food web subsidies is only half of the story. 
The other half—quantifying how far these subsidies can travel into the landscape—has 
received far less attention (but see Sanzone et al. 2003, Power et al. 2004, Briers et al. 
2005, Raikow et al. 2011). Most studies of stream-to-land subsidies focus on food webs 
located within < 10 m from stream banks (Marczak et al. 2007b, Sabo and Hagen 2012) 
and ignore the importance of these aquatic resources to food webs located in adjacent 
terrestrial zones, which are known to be intimately connected to in-stream processes 
(Nakano and Murakami 2001, Iwata et al. 2003). Only a few individual studies have 
quantified how far stream subsidies penetrate into the terrestrial landscape and the 
environmental and biotic conditions that affect this transmission, and there have been no 
efforts to systematically analyze available data. 
 Results from these few individual studies have raised several important issues. 
Overall, there is no agreement between studies as to which decay curve best fits the 
distance–subsidy magnitude data: many studies advocate negative power functions 
(Subsidy = Distance –k, e.g., Briers et al. 2002), while others support a negative 
exponential (Subsidy = e –Distance, e.g., Briers et al. 2005) or even a negative linear 
function (Subsidy = –Distance, e.g., Jackson and Resh 1989). The nature of this curve 
may have ecological significance (Briers et al. 2002); for example, a negative exponential 
function indicates that the aquatic subsidy diffuses randomly from the stream, similar to a 
chemical being diffused from a point source to environment. In contrast, a negative 
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power decay suggests that the subsidy is overly and non-randomly biased toward the 
stream bank itself (i.e., the dispersing insects “want” to remain near the stream). 
 Similarly, studies have proposed many ecological factors that may individually 
affect subsidy dynamics. Many studies suggest that in-stream primary production (Power 
et al. 2004, Ballinger and Lake 2006) or a strong productivity gradient between the 
stream and its surrounding landscape (Henschel 2004) may drive dispersal subsidy 
gradients. Others, meanwhile, have emphasized the importance of different emergent 
aquatic insect species assemblages (Finn and Poff 2008) and the composition and 
structure of the riparian forest on subsidies (Macneale et al. 2005). Further, studies have 
independently explored differences in subsidy dynamics with respect to physical stream 
and landscape features, such as land use (Briers et al. 2002), stream size (Henschel 2004), 
or channel meandering (sinuousity) and valley confinement (Sabo and Hagen 2012). 
Certainly other related factors, such as the methods used for computing the magnitude of 
subsidies (Raikow et al. 2011) or the design or position of traps (e.g., Jackson and Resh 
1989) can also influence results. Nonetheless, the relative importance of these myriad 
parameters in affecting the distance that stream subsidies penetrate into the landscape—
individually and in concert with other parameters—remains largely unknown. 
 Throughout this emerging and evolving understanding of subsidies, the concept of 
scale in food web interactions between ecosystems is gaining traction, especially as we 
work toward delimiting riverine “resource sheds” of carbon and nutrients (analogous to 
watersheds, Power and Rainey 2000) and seek to better-contextualize subsidy effects on 
both recipient and donor environments. This is especially true for rivers, which transport 
pollutants that are incorporated into biomass and returned to terrestrial food webs via 
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subsidies (Walters et al. 2008, Paetzold et al. 2011). There are policy and legal contexts 
to these scientific questions: ecological adjacency is gaining prominence both through 
recent Supreme Court cases such as Rapanos vs. US and within local governments 
interested in enacting data-based riparian buffer rules and best management practices 
(Marczak et al. 2010). Regulators tasked with managing stream boundaries are beginning 
to ask, essentially, “where does a stream begin/end?” or “how wide is a stream?” Just as 
physical landscape features such as the presence of well-defined banks or surface water 
may satisfy such questions from a hydro-geomorphic perspective, the spatial extent of 
stream subsidies to terrestrial food webs could be useful as a tool for delineating the 
lateral biological boundaries of stream ecosystems (Doyle and Bernhardt 2010). Yet, in 
spite of this imperative to better understand riverine-terrestrial biological connectivity, 
few studies have quantified the scale under which these subsidies are important (Baxter et 
al. 2005). 
 In this study, we seek to answer the “how wide is a stream?” question from a 
biological, food web subsidy perspective, using a global meta-analysis that includes all 
continents except South America (Appendix A). With this meta-dataset, we define a 
“stream signature” as the distance at which 50% and 90% of the stream signal has 
dissipated from terrestrial food web samples; that is, the distances at which the food web 
is less than “half stream” and where the stream signal has almost disappeared, 
respectively. We predicted that distance–subsidy magnitude decay curves from the meta-
data would be best fit by a negative power function, indicating non-random dispersal of 
stream insects and attraction of riparian predators to the stream banks (Briers et al. 2002). 
We expected the stream signature to increase commensurate with in-stream primary 
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productivity (Power et al. 2004, Ballinger and Lake 2006) and in open, low-productivity 
terrestrial zones (Jackson and Resh 1989, Henschel 2004), and also to be affected by 
organismal differences in the studied stream and terrestrial community. We hypothesized 
that abiotic variables would also be important in explaining variation in the magnitude–
distance data; specifically, that the stream signature would be maximized in “barely 
wadeable” 3rd–4th order streams due to ecosystem size considerations in smaller streams 
and differences in productivity gradients in larger rivers (Henschel 2004), and that 
streams with more complex channels (e.g, more sinuous channels, Sabo and Hagen 2012) 
would have larger stream signatures resulting from a greater degree of physical aquatic-
terrestrial interaction. 
METHODS 
Data retrieval and compilation 
 The objective of the present meta-analysis was to synthesize all available data on 
spatially-delimited, stream-to-land food web subsidies in order to determine how far this 
aquatic subsidy to food webs travels within the terrestrial environment. The method for 
selecting papers and data for this meta-analysis was meant to be as all-inclusive as 
possible. Data compilation began with identification of highly relevant papers in ISI Web 
of Science and Google Scholar (using, e.g., “aquatic subsidy distance” as search terms). 
This method returned 4 recent studies of direct relevance with spatially-explicit, usable 
food web subsidy data (Sanzone et al. 2003, Power et al. 2004, Briers et al. 2005, Raikow 
et al. 2011). These studies, in combination with review papers on stream subsidies 
(Baxter et al. 2005, Ballinger and Lake 2006, Marczak et al. 2007b, Richardson et al. 
2010), became the basis for identification of additional datasets via studies referenced 
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therein. Subsequently, papers from those collected citations were read, any relevant data 
were extracted, and new relevant references were collected. This process was repeated 
until no new papers were collected from a paper’s cited references. In the case of 
extracted papers that were particularly relevant (~ 20), “forward citation mapping” in 
Web of Science and the “cited by” tool in Google Scholar were used to identify new 
references that cited those papers and potentially included relevant data. Aside from one 
dataset (S. Collins, unpublished data), all data were from published, peer-reviewed 
sources. 
 Inclusion of studies and into the meta-dataset was based on 3 criteria: 1) The 
study had to measure a lateral transect extending perpendicularly from the stream. 2) The 
first measurement in this transect had to be taken at or very near the stream edge (e.g., at 
0 m, the stream bank). 3) The study had to use some metric of aquatic incorporation into 
the terrestrial environment. This was ideally in the form of true food web incorporation, 
either by isotope analysis, observations of predator feeding, or similar. However, due to 
the paucity of such studies, analogues for this process, including abundance of aquatic 
adult insects (i.e., dispersal onto land), and abundance of terrestrial predators attracted to 
the stream resource were also included in the meta-data. 
 Data were transcribed from published tables or extracted from figures using 
Datathief software (version 1.6). All data were compiled into one large datasheet, 
available in full for future use (Supplement 1). The final dataset contains 30 studies 
published between 1973 and 2011 (Appendix A), with 89 unique data subsets and 456 
data points across 107 streams and rivers: from headwater streams in the Swedish 
Lapland, to tropical streams in Australia and Hong Kong, to the Detroit River connecting 
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2 Great Lakes in Canada, to Sycamore Creek in the USA. Most data subsets were focused 
on insect dispersal (65% of data points), with food web and predator abundance metrics 
accounting evenly for the rest. Studies were primarily carried out in 1st–4th order streams 
(87% of data points, distributed evenly across the 4 orders). The most common organisms 
studied were caddisflies, stoneflies, terrestrial arthropod predators (entirely spiders and 
beetles), and taxa generically reported as “all aquatic insects” (each ~ 20% of data 
points), with chironomids, mayflies, blackflies, and bats also included in the meta-
dataset. Because no data on other vertebrate taxa (fish, birds, amphibians, etc.) were 
found, the < 5% of data points related to bats (rather than arthropods) were excluded from 
the meta-analysis to limit excess variation. Subsets with only 2 data points per transect 
were precluded from analysis for the same reason. By ecological standards this meta-
dataset should be fairly robust (see, e.g., Marczak et al. 2007b, with 115 data sets across 
32 studies), possibly more so because the data are all from one ecosystem type (lotic 
freshwaters) and focus only on arthropods. 
Effect size and inclusion of variables 
 To scale data from disparate sources, the response variable in a meta-analysis 
must be transformed to a standardized “effect size.” This was accomplished by 
converting all data to a portion of the maximum subsidy value in each unique data subset 
(hence the second inclusion criterion, above). Thus, all response data were scaled 
between 0% and 100%, and all unique data subsets had at least one distance measurement 
for which the response value was equal to 1. 
 A variable separating the different methods used across the suite of studies was 
included as a potential explanatory variable in this meta-analysis. In this way, food webs 
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studies using isotopes or percent aquatic vs. terrestrial insects in a diet were isolated from 
studies that focused strictly on aquatic insect dispersal and other studies that observed 
increased terrestrial predator abundances near stream banks. Several other variables that 
could potentially affect the distance decay curve were also included in the dataset (Table 
II-1). These included physical variables: climate, channel geomorphology (e.g., straight 
or meandering), bank type (steep or gradual), stream width class (i.e., stream width in 
log2 bins), and terrestrial vegetation structure, as well as biological variables such as in-
stream primary productivity and focal study organism (Order of aquatic insect or 
terrestrial predator). Additional variables could conceivably have been used, but those 
included are well-represented and supported in the existing literature (e.g., Ballinger and 
Lake 2006, Marczak et al. 2007b). When variables were un-specified, authors of the 
studies were contacted via e-mail; their responses filled ~ 50% of the blanks in the 
datasheet. Remaining data gaps were filled by researching the study site with the use of 
maps, photographs, and other published studies. Due to the coarse nature of this data 
compilation, most of these variables were necessarily included in the dataset as 
categorical, rather than numeric, predictors. 
Curve fitting and model analysis 
 Stream signatures (i.e., the points on decay curves where 50% and 90% of the 
stream signal had dissipated) were calculated using an approach similar to that used by 
Power and Rainey (2000): by computing a decay function to estimate aquatic energy 
input to terrestrial food webs at a given distance. Decay curves do not produce sharp 
breaks that would indicate a distinct point at which the importance of this aquatic subsidy 
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ends. Thus, the 50% and 90% values were used as surrogates, in keeping with previous 
studies (Fig. II-1, Petersen et al. 2004). 
 Curve fitting and analysis was carried out using the R statistical software package 
(version 2.15). Simple negative linear, exponential, and power curves were fit for the 
subsidy magnitude effect (i.e., the response) using only one independent variable 
(distance). These models and all subsequent models were compared using AIC (sensu 
Burnham and Anderson 2002) and were fit using a multilevel, mixed-effects modeling 
approach, with study stream as the random effect, structural variable. Because the power 
and exponential curves required log transformations to the independent and/or response 
variables, a constant (k = 0.05) to eliminate zeros and allow model fitting. Using the best 
of the 3 simple models as a base, potential explanatory variables (environmental and 
biological parameters) were then added to this model, first individually and then in 
concert. Models were compared primarily using AIC, although the validity of adding 
single variables to the distance-only model was also confirmed using likelihood ratio 
tests. The nature of multi-level models also allows the magnitude and direction of fitted 
coefficients to be assessed within the context of the entire dataset; thus, for example, the 
effect of stonefly studies in comparison to mayfly studies can be identified. 
RESULTS 
Type of curve 
 Of the 3 simple models that have been advocated in the literature for fitting 
distance–subsidy magnitude data (negative linear, exponential, and power), the negative 
power function best fit the overall meta-dataset (Fig. II-1). This was also true for unique 
subsets of the data taken on the individual study level, 76% of which were best fit by a 
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negative power function (Table II-2). Among studies that explicitly quantified the fit of 
their model as part of their original analysis (64 unique data subsets in total), 22% 
reported that a negative power curve fit best, compared to 66% and 13% for negative 
exponential and linear functions, respectively. However, of the few data subsets (22) 
where negative power and exponential functions were compared explicitly, 64% 
advocated the use of a negative power function, compared to 23% for a negative 
exponential and 14% for a negative linear function. In fact, if all studies had considered a 
negative power function as a model option, of the 43 data subsets in which authors 
advocated a negative exponential or linear function but did not actually test a negative 
power function, the data show that 27 data subsets (63%) would have been better fit by 
this negative power curve. 
Importance of individual explanatory variables 
 Additional variables were added individually to the simple negative power model 
of distance–subsidy magnitude (Table II-1). Most of these explanatory variables 
improved upon the fit of the base (distance only) model, particularly variables related to 
stream width, study method, and organism (type of aquatic insect or terrestrial predator). 
However, variables for bank type, terrestrial vegetation structure, and climate did not 
improve upon the base model. For the “study methods” variable, the meta-results indicate 
that the stream signature was largest for the food web methods (Table II-3). In other 
words, the 50% and 90% decay distances were greater for studies utilizing food web 
incorporation than for others that measured the dispersal of aquatic insects or the 
attraction of predators to aquatic resources. 
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 Among physical, habitat-related variables, channel width and its analogues (e.g., 
stream order) had an effect on stream signatures, which extended farthest into the 
landscape in 3rd–4th order and ≥ 7th order stream ecosystems (Table II-3). In contrast, the 
stream signature response to increasingly-complex channel geomorphology was unclear, 
and channel bank type, climate, and landscape factors (i.e., vegetation structure) were not 
important to stream signatures (Table II-1).  
 For biotic variables, the aquatic productivity improved the base model more than 
the addition of any other individual parameter (Table II-1), and stream signatures 
increased with in-stream productivity (Table II-3). In addition, the type of species used in 
a given unique data subset had an influence on the stream signature, such that 50% and 
90% decay distances were farther from the stream for caddisflies (Trichoptera) vs. 
mayflies (Ephemeroptera), for example (Fig. II-3). Midges in the family Chironomidae 
had the largest stream signatures of all groups of study organisms; their stream signatures 
outpaced all other groups by an order of magnitude or more. 
Overall best model for future prediction 
 When sensible permutations of models containing multiple explanatory variables 
were considered in concert (sensu Burnham and Anderson 2002), 2–7 superior model 
options emerged (Appendix B). Importantly, these best models all contained aquatic 
productivity and study method and organism parameters, and the best of these models 
contained only these 3 parameters. Nonetheless, most of the best models (4 of 7) also 
contained a stream width class variable, and 3 contained parameters for either channel 
geomorphology, or bank type, or both. 
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DISCUSSION 
Type of curve 
 The negative power curve fit to the meta-data (rather than a negative exponential 
or linear function, Fig. II-1) agrees with many individual studies (e.g., Briers et al. 2002). 
However, the literature suggests that this is contentious, as 66% of studies comparing 
negative power and exponential curves have supported the negative exponential as the 
best. But negative power functions were not considered as candidate models in most of 
those cases; if they had been considered, the negative power curve would 
overwhelmingly have been the most supported (76% of all unique subsets in the meta-
dataset). The negative power curve indicates that aquatic subsidy dispersal is non-random 
and that most of the subsidy stays very near the water’s edge. Biologically, this suggests 
that emergent aquatic insects intentionally remain near the stream, possibly to increase 
mating and oviposition success (Briers et al. 2002), and at the expense of limiting gene 
flow within a meta-population (but see, e.g., Macneale et al. 2005). In ecological terms, 
most of the energy being exported laterally from streams is incorporated into terrestrial 
food webs almost immediately; however, from the long tail of the curve, a portion of this 
subsidy travels much farther: out of the riparian zone and into adjacent upland 
ecosystems. As indicated by the 90% stream signature, an important amount of terrestrial 
food web energy (10%) is still derived from aquatic sources even at 500 m or more away 
from the stream.  
Importance of biological explanatory variables 
 The variable that most strongly improved model fit when added individually to 
the simple, multi-level negative power model was in-stream aquatic primary productivity 
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(Table II-1). This is unsurprising, as it confirms the results and claims of several 
independent studies contained within the meta-dataset (Ballinger and Lake 2006, 
Marczak et al. 2007b). As would be reasonably expected, the stream signature was 
maximized when aquatic productivity (i.e., the potential subsidy source) was high, and 
declined when aquatic productivity was lower. 
 The study organism variable also improved model fit, as different aquatic taxa 
could affect strongly variant stream signatures (Fig. II-2). These results provide some 
indication of the distance that many emergent aquatic insects disperse, which, to our 
knowledge, has never been treated so systematically. The data reveal that weak-flying 
taxa (e.g., mayflies) remained near the stream, while longer-lived taxa that are more 
adept at flying, such as caddisflies, have larger stream signatures (Table II-3, Fig. II-2). 
Curiously, midges (Chironomidae) had very large stream signatures, despite being 
relatively weak fliers, and a disproportionate number of chironomid data subsets were 
also best fit by a negative exponential (rather than negative power) distribution (Table II-
2). This suggests that chironomids tend to be wind-dispersed (i.e., more passive, rather 
than active dispersal) and possibly that their densities are being augmented by emergence 
from non-stream sources (e.g., hypothetical, nearby ephemeral pools), which would 
explain their large stream signatures and random (negative exponential) decay from the 
stream. 
 Different study methods also yielded different stream signature results, as both the 
50% and 90% stream signatures in studies that incorporated food web metrics (stable 
isotopes, etc.) were much larger than their respective values for data subsets on dispersal 
and terrestrial predator abundance (Table II-3). Thus, as aquatic energy is cycled and 
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recycled through the riparian food web, the effect of this aquatic subsidy on terrestrial 
ecosystems ultimately extends much farther into adjacent terrestrial ecosystems than 
would be expected based on the presence of living adult aquatic taxa alone. In addition, 
the meta-data indicate that riparian predator densities generally track the distribution of 
emergent aquatic insects, following a pattern that closely mirrors the negative power 
curve observed for other aquatic subsidy metrics with lateral distance from the stream 
(Table II-3, Fig. II-3). This provides further verification of the importance of this subsidy; 
in this case from a terrestrial—rather than aquatic—perspective. 
Importance of physical (abiotic) explanatory variables 
 The physical variables channel geomorphology and stream order (and stream 
width analogues) also improved model fit, while bank type/steepness did not (Table II-1). 
In the case of channel geomorphology, the stream signature pattern was weak and did not 
clearly verify our prediction of an increase in the stream signature with increasing 
channel complexity (Table II-3). Additional field research and more quantitative 
assessment will be required to better test this hypothesis, in addition to the hypothesis 
that steeper banks would impair subsidy connectivity. 
 For the stream width metrics, in contrast, stream signatures had a local maximum 
for ecosystems in the 3rd–4th order range, indicating that subsidies extended farther in 
these systems than in relatively smaller or larger streams (Table II-3). These large 
streams (or small rivers) seem to provide optimum conditions for stream-to-land 
subsidies: in smaller systems the stream is too small to export much of a subsidy, and in 
larger rivers secondary production of emergent taxa is reduced relative to the size of the 
fluvial ecosystem. However, the largest rivers in the meta-dataset (≥ 7th order) had the 
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greatest 90% stream signature, at > 2500 m from the river banks. This suggests that 
subsidy dynamics are also controlled by ecosystem size to some degree, and that this 
effect can be pronounced in the case of order-of-magnitude size differences between the 
largest rivers and other lotic freshwaters (Henschel 2004). The meta-dataset is biased 
toward smaller streams, however (reflecting a classical bias toward sampling pedestrian-
accessible streams), so additional studies would be useful in improving the robustness of 
this result. 
 In some cases, the variables in the meta-dataset that did not improve model fit 
were the most surprising. Neither climate nor terrestrial vegetation structure exerted 
strong control on stream signatures, contrary to predictions (Table II-1, Sanzone et al. 
2003, Henschel 2004). These variables were weakly represented in the meta-dataset (i.e., 
poorly quantified in included studies), which may be partly to blame for this result. 
Terrestrial vegetation, in particular, should affect terrestrial productivity and 
consequently the ratio of available terrestrial vs. aquatic energy resources in the food web 
(Nakano and Murakami 2001), and dense vegetation should and reduce the dispersal 
ability of aquatic insects (Jackson and Resh 1989). In contrast, climate as a master 
variable may be a poor correlate to variables that are important in affecting the stream 
signature; namely in-stream productivity, which can vary dramatically at the meso-scale. 
“Stream signatures” in other aquatic environments 
 Of course, stream and river ecosystems are not unique in providing food web 
subsidies to a recipient ecosystem. Notably, lake and coastal ecosystems provide similar 
subsidies (Polis et al. 2004b, Dreyer et al. 2012), and a comparison of stream, lake, and 
marine environments in this context can be useful (Gratton and Vander Zanden 2009). 
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Some data exist on the lateral distance that food web subsidies travel from lake and near-
shore marine ecosystems. They are not comprehensive enough to warrant inclusion in our 
meta-dataset (e.g., one lake data point amid a flood of stream data), they can be useful in 
a coarse, exploratory setting (Fig. II-3). Based on these data, the stream signature seems 
to be generally larger than the corresponding “marine signature” and smaller than the 
“lake signature,” although both curves exist within the range of variability of the stream 
data. The marine data come from a study of a subsidy to terrestrial predators on an 
otherwise fairly barren island (Polis et al. 2004b), while the lake data are derived from a 
study of chironomid emergence from lakes (Dreyer et al. 2012). In this context, the 
marine signatures are close to the stream signatures for terrestrial predator attraction to a 
stream subsidy. Similarly, the stream data for chironomids produced the largest stream 
signatures (Fig. II-2) and chironomid emergence from some of the lakes was extremely 
high (Dreyer et al. 2012); thus, it is not unexpected that lake signatures based on this 
taxon are larger than the overall stream signature. 
Biological “true stream widths” 
 From a biological, food web perspective, it is clear that stream and river systems 
are actually much “wider” than would be expected based on the location of the stream 
banks alone. This is particularly the case when the 90% stream signature is considered 
(536 m overall). However, even adding width of the 50% stream signature (1.5 m) is non-
trivial. The median stream channel width in the meta-dataset was 3.71 m, so the 50% 
stream signature, across both banks, represents a 181% addition to the stream in terms of 
its biological width. Although 7th order or larger rivers may have the maximum stream 
signature, this proportional increase in biological stream width relative to classical 
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ecosystem size boundaries is most pronounced in headwater streams as a result of their 
small channel widths. Again, because food web energy is still “mostly stream-sourced” at 
this 50% distance, it is reasonable to contend that, biologically, stream widths extend far 
beyond their traditional hydro-geomorphic boundaries. 
Applications of the stream signature 
 In the context of developing riparian buffer rules, the results of this meta-analysis 
may be of use on several levels. First, the meta-data suggest that in-stream populations 
with terrestrial adult stages rely on the riparian zone at distances often substantially 
greater than the stream channel width. Our anthropocentric, visual definition of a 
stream’s boundary is likely inadequate for an aquatic macroinvertebrate: from the 
perspective of an adult caddisfly, for example, the “stream width” in terms of realized 
habitat use extends beyond the stream banks and often into the uplands beyond the 
riparian zone. For managers concerned with stream restoration and improving aquatic 
ecosystem stability and function, establishing habitable riparian buffers that allow 
adequate movement of aquatic insects during their adult mating stages will be critical. 
Failure to do so may partially explain why so many stream restorations focused solely on 
in-channel modifications do not to show improvement in aquatic insect bio-indicator 
metrics (Violin et al. 2011). Certainly, buffer width should at least be equal to the 50% 
stream signature, although larger distances such as the 90% stream signature may even be 
required to maintain population viability and gene flow (Macneale et al. 2005, Marczak 
et al. 2010). 
 Similarly, our meta-data results verify—from a spatial, rather than a magnitude 
perspective—the assertions of previous studies that riparian ecosystems and adjacent 
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terrestrial food webs depend substantially on stream subsidies. Effective riparian buffers 
should seek to maintain the interactions and ecosystem functions provided by fully-
functional stream corridors, not just for the stream itself but also for stream-dependent 
riparian species (Marczak et al. 2010). The stream signature method offers a way in 
which the spatially-explicit, trophic nature of these interactions can be quantified: a 
buffer that ends within the 50% stream signature is likely to be ineffective from a food 
web perspective, just as a buffer that extends beyond the 90% stream signature may be 
wider than necessary for maintaining riparian trophic interactions. Traditional 
implementation strategies base buffer widths on hydro-geomorphic metrics (e.g., location 
of channel banks or permanence of flow) or on the composition of riparian vegetation. 
The stream signature method offers a complementary alternative that focuses specifically 
on animals such as aquatic EPT taxa or bats that can be the focal points of conservation 
interest in the first place. 
 Although site-specific field verification remains ideal, the models outputs from 
this meta-analysis may be useful for prediction of the stream signature in a wide variety 
of stream and river ecosystems and riparian corridors (Appendix B). The models should 
be strongest in predicting stream signatures for food webs in smaller streams that are 
reliant on emergent aquatic insect taxa, as the majority of studies included in this meta-
analysis focused on aquatic insect emergence in small streams. Thus, in urbanizing 
environments where development imperils headwater streams and city-wide riparian 
buffer conservation strategies are being developed (as in Chapel Hill, North Carolina), 
the results of this meta-analysis may be particularly beneficial. 
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Conclusions and future steps 
 This meta-analysis has underscored the importance of subsidies from a spatial 
perspective. For streams specifically, it has made clear that the “biological stream width” 
can extend far beyond the traditional stream channel, hydro-geomorphic boundaries; on 
average, terrestrial food webs are still “half stream” at 1.5 m and “10% stream” at 536 m. 
This meta-analysis also provides some clarity on the importance of various biotic and 
abiotic factors that affect the distance that food web subsidies travel laterally from a 
source into a recipient ecosystem. For stream and riparian managers, we expect this 
analysis should be useful in predicting the stream signature and a stream’s “biological 
width,” given a few, fairly basic parameters. Nonetheless, meta-analyses such as these are 
necessarily constrained by the data available and this analysis should be a starting point 
for future studies; gaps in the dataset forced coarse qualification of many variables that 
can and should be quantified, such as the size and morphology of the stream and the 
structure of riparian vegetation. As is the case for all such meta-analyses, disparities 
among studies using different sampling and analysis methods also certainly introduced 
variability. Given the growing regulatory imperative for delineating the boundaries of 
stream ecosystems, new research that consistently applies the stream signature 
framework in a wider variety of ecosystems would be a worthwhile endeavor. 
ACKNOWLEDGEMENTS 
 We thank all of the authors whose papers provided the source data for this meta-
analysis and truly made this study possible. Further, authors D. Dudgeon, J. Wesner, K. 
Collier, D. Finn, Z. Kovats, M. Winterbourn, G. Petts, M. Griffith, P. Wiberg-Larsen, T. 
Iwata, J. Henschel, A. Huusko, and S. Bunn replied to emails and graciously provided 
43 
information that filled-in data gaps. Their assistance greatly improved the quality of our 
results. J. Weiss gave helpful statistical advice regarding model fitting and the 
distribution of the meta-data. Comments by A. Rosemond, L. Marczak, and an 
anonymous reviewer substantially improved the quality of this manuscript. This work 
was supported by NSF grant BCS-0441504 to MWD and by IGB and UNC Royster 
Society fellowships to JDM. 
SUPPLEMENTAL MATERIAL 
APPENDIX A. Literature cited in the stream signature distance–subsidy magnitude meta-
dataset. 
 
APPENDIX B. Model comparison table and regression coefficients for parameters included 
in the 7 best, overall stream signature prediction models. 
 
SUPPLEMENT 1. Stream signature meta-dataset containing all available distance–subsidy 
magnitude data. 
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TABLES 
TABLE II-1. Explanatory variables considered in the meta-analysis, with their fits 
compared using AIC. Likelihood ratio test results, p-values, and degrees of 
freedom are from comparisons of a given model vs. the base (distance only) 
model with no other predictors. Significant p-values are in bold. 
 
Parameter AICc Likelihood ratio p df 
Climate 875.64 1.26 0.974 10 
Terrestrial vegetation 870.26 2.45 0.654 8 
Bank type 865.63 7.08 0.132 8 
Distance only (base model) 864.45 NA NA 4 
Stream order 861.82 15.08 0.020 10 
Channel geomorphology 861.77 10.94 0.027 8 
Study method 859.47 13.24 0.010 8 
Stream width 858.66 9.90 0.007 6 
Stream width class 851.37 34.04 < 0.001 14 
Study organism 846.75 38.66 < 0.001 14 
Aquatic productivity 844.40 28.31 < 0.001 8 
  
45 
TABLE II-2. Unique data subsets for each study organism included in the meta-analysis, 
according to the number of subsets that were best fit by a negative power curve 
rather than a negative exponential or linear model. Percent negative power values 
are the numbers of negative power studies for a given insect as a portion of all 
studies for that insect. Percent of all studies values are the numbers of all studies 
(all model fits) for a given organism as a portion of all studies for all organisms). 
Percent of “non-power” studies values are the numbers of data subsets that did not 
fit a negative power curve for a given organism as a portion of all studies for all 
organisms that were best fit by negative exponential or linear curves. 
 
  
Negative 
power 
All 
studies 
% negative 
power 
% of all 
studies 
% of "non-power" 
studies 
All aquatic insects 15 16 93.75% 21.33% 5.56% 
Stoneflies 15 17 88.24% 22.67% 11.11% 
Mayflies 6 7 85.71% 9.33% 5.56% 
Caddisflies 12 17 70.59% 22.67% 27.78% 
Chironomids 2 6 33.33% 8.00% 22.22% 
Terrestrial predators 7 12 58.33% 16.00% 27.78% 
   Totals 57 75 76.00% 100.00% 100.00% 
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TABLE II-3. Stream signatures at the 50% and 90% level for various categories of the 
explanatory variables. The “Overall” row contains the overall stream signatures 
from the entire meta-dataset, based on the multilevel, mixed-effects model. 
 
Conditions 50% 90% 
Overall 1.5 536 
Study method   
 Dispersal 1.4 358 
 Predator abundance 1.4 581 
 Food web 3.5 7788 
Aquatic productivity   
 Low 1.6 113 
 Medium 1.6 922 
 High 2.8 4308 
Stream order   
 1–2 1.3 182 
 3–4 2.6 1869 
 5–6 1.1 1136 
 7+ 1.2 2529 
Channel geomorphology   
 Straight 1.7 831 
 Straight/Meandering 2.0 232 
  Meandering 0.6 763 
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FIGURE LEGENDS 
FIG. II-1. All data included in the meta-dataset, plotted as distance from the stream vs. the 
percent maximum aquatic value recorded for a given study transect. The inset 
figure shows all the data, the main figure is abridged to 1 km to aid in 
observation. Lines represent multilevel, mixed-effects model fits for negative 
linear, exponential, and power curves. Adjusted pseudo-R2 values are based on 
the log-likelihood improvement of the given model vs. a corresponding null 
model and use Nagelkerke’s adjustment. 
 
FIG. II-2. Stream signature data for different taxa included in the meta-analysis, at the 
50% and 90% level (vertical lines and the small end of the wedge, respectively). 
Bats were not included in modeling for the overall meta-analysis but are included 
here for reference. Ecosystems listed below the x-axis are rough approximations 
of the location of each ecotone. From bottom to top, the organisms plotted are as 
follows: terrestrial predators (mostly Lycosidae spiders and predaceous 
Coleoptera), mayflies (Ephemeroptera), caddisflies (Trichoptera), stoneflies 
(Plecoptera), midges (Chironomidae), and bats. 
 
FIG. II-3. Signature regression lines for lake and marine ecosystem individual case 
studies, compared to the 50% and 90% overall stream signatures from the 
multilevel, mixed-effects model. Chironomid and terrestrial predator stream 
signatures are also included for comparison, as these were the focal organisms of 
the lake and marine studies, respectively. Gray lines represent individual 
regression lines for each unique data subset included in the stream meta-analysis 
to represent the variability in the data. Ecosystems listed below the x-axis are 
rough approximations of the location of each ecotone for streams, with respective 
lake and marine analogues in parentheses.  
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FIG. II-1.  
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FIG. II-2.  
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FIG. II-3. 
 Chapter III: 
Hydrogeomorphic and vegetation controls on stream signatures: the forest edge as 
the stream boundary for terrestrial food webs 
Abstract 
Ecological resource subsidies of energy and nutrients can be an important 
component of recipient food webs across a range of ecosystems, and their magnitude can 
be quite large. However, relatively few studies have documented the distance to which 
these subsidies can travel through food webs; if a subsidy’s effect is entirely localized at 
ecotone boundaries or if it is more perfuse throughout the landscape. Fundamentally, the 
spatially-extensive transmission of subsidies can challenge traditional notions of the 
borders of ecosystems, suggesting both that these borders are more perfuse that generally 
acknowledged, and that the food web boundary of an ecosystem (i.e., the distance at 
which a subsidy from an ecosystem is no longer present) may differ from other ecological 
borders based on landscape structural conditions.  
In this study, we use arthropod predator community and stable isotope data to 
directly address how far ecological subsidies travel from streams and rivers into 
terrestrial landscapes. Using data from 46 sites in the USA and throughout Europe that 
ranged from tiny headwater Appalachian streams to the globally-important Danube 
River, we compute spatially-explicit “stream signatures” in terrestrial food webs and 
assess the hydrogeomorphic, topographic, and vegetation landscape conditions that affect 
the stream signature. We found that most of the subsidy stayed within 1 m of the stream, 
52 
although overall a 10% aquatic signal (the 90% stream signature) was still present at 
distances 100-300 m away from the stream banks. Somewhat in contrast to prior 
expectations, stream order (i.e., donor ecosystem size) did not affect the stream signature, 
at least not above a minimum channel width threshold. Similarly, while in-channel 
geomorphic complexity may influence the magnitude of subsidy transmission, it did not 
promote an increase in the distance that stream resources traveled through the terrestrial 
environment. Breaks in the river–land cross-sectional profile did have a strong impact on 
the stream signature, however, particularly in the case of sharp vegetation boundaries 
between more open riparian zones and dense upland forests. The magnitude of the 
subsidy at riparian–upland forest boundaries was often roughly equivalent to the subsidy 
magnitude at the stream banks, and stream signature distance decay curves were reset at 
these boundaries. We conclude that hydrogeomorphic conditions are not necessarily 
unimportant in affecting subsidy transmission, but that their effect is overshadowed by 
the large landscape influence of terrestrial vegetation. Further, although the 
hydrogeomorphic boundary of a stream or river is often defined as its banks, we found 
that the more important stream boundary for food webs was the forest, rather than the 
water’s, edge. 
Key words: Aquatic subsidies; stream; food webs; geomorphology; distance; vegetation 
boundaries  
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INTRODUCTION 
 Ecological subsidies are resources that are transferred across traditional 
ecosystem boundaries (e.g., from salt or fresh water to land), providing nutrients and 
energy from a donor to a recipient food web (Polis et al. 1997). While subsidies can take 
many forms, studies generally focus on the transmission of some more basal resource 
from one ecosystem to an herbivore or predator in an adjacent ecosystem (e.g., terrestrial 
consumers on islands feeding on marine algae in the absence of terrestrial vegetation, 
Polis and Hurd 1995). Interest and research on such subsidies is increasing throughout the 
ecological literature (Polis et al. 2004a), but studies of stream and river subsidies are 
particularly common (Marczak et al. 2007b). These ecosystems are well-recognized as 
accepting inputs of allochthonous material such as leaf litter (but also including 
arthropods and other resources, Nakano et al. 1999) and subsequently outputting aquatic 
macroinvertebrates with terrestrial adult stages (Jackson and Fisher 1986). Thus, streams 
and rivers provide ideal templates for the investigation of ecological subsidy dynamics 
(e.g., Nakano and Murakami 2001, Sabo and Power 2002b). In fact, the literature on 
subsidies in these ecosystems is sufficiently rich as to have allowed several recent review 
papers and syntheses that focus on river–land subsidies alone (Baxter et al. 2005, 
Ballinger and Lake 2006, Paetzold et al. 2007, Richardson et al. 2010, Bartels et al. 
2012). 
 In spite of this burgeoning research interest in subsidies in general and river–land 
subsidies in particular, most studies on this subject have focused on the magnitude effect 
of subsidies on food webs very near the ecotone boundary (Sabo and Hagen 2012, 
Muehlbauer et al. In Review). Few studies have investigated the how far these subsidies 
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can travel on land and the lateral distance from a stream at which aquatic subsidy 
resources are still important to terrestrial food webs. Although the recognition that 
subsidies exist and that their magnitude can be quite large (Baxter et al. 2005) is 
intellectually and scientifically interesting in and of itself, a better understanding of the 
distance that subsidies travel can serve to elucidate the extent to which subsidies affect 
food webs throughout the landscape (Sabo and Hagen 2012); whether their effects felt are 
strictly at ecotone edges, or if they propagate far into adjacent ecosystems.  
 Fundamentally, research into the potential magnitude to which resource subsidies 
can be transmitted to adjacent food webs has shown that classical conceptualizations of 
the boundaries between ecosystems can be artificial. At a minimum, many ecological 
boundaries turn out to be transmissive and highly permeable (sensu Strayer et al. 2003) 
insofar as they relate to food webs. In streams and rivers in particular, the boundary 
between streams and the landscape is almost universally defined by hydrologic constructs 
(i.e., the location of the water’s edge). However, adult aquatic macroinvertebrates cross 
this boundary freely during emergence (Baxter et al. 2005), whereupon they disperse and 
provide important subsidies to food webs in the terrestrial landscape (Nakano and 
Murakami 2001). Thus, while the water’s edge may serve as an “investigative boundary,” 
that may be convenient for research delineations, its function as a “tangible boundary” 
(Strayer et al. 2003) for stream and terrestrial food web studies is suspect at best. A better 
characterization of the location and characteristics of the stream food web boundary 
benefit stream and riparian ecology and riparian zone management (Muehlbauer et al. In 
Review). Nonetheless, until the spatial dynamics of subsidy transmission from rivers to 
land are better understood, this true, food web boundary of stream ecosystems remains 
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largely undefined. In a previous study (Muehlbauer et al. In Review) we conducted a 
meta-analysis of existing data from other studies of the distance that riverine subsidies 
travel onto land. This research underscored that, while much of the aquatic resource does 
indeed stay near the stream banks, the distribution followed a power law with a long tail, 
such that a 10% aquatic signal could be found in many cases at distances half a kilometer 
or more away from the stream. That study also implicated some biological variables, such 
as in-stream productivity (Power et al. 2004, Ballinger and Lake 2006) and study 
organism (Finn and Poff 2008) as being important to understanding the distance that 
subsidies travel through the terrestrial landscape. However, compilation of the meta-
dataset also highlighted gaps in our understanding of stream subsidy-distance dynamics. 
Principally, few data are available that explicitly measure aquatic resource incorporation 
into terrestrial food webs (via stable isotopes, direct measurements of predation, etc.); 
instead, most of the studies included in the meta-analysis were of surrogate measures 
such as physical dispersal of adult aquatic macroinvertebrates. In addition, 
hydrogeomorphic and other landscape-level conditions of the stream or river likely 
influence these subsidy dynamics (headwater streams should differ from large rivers, for 
instance, Henschel 2004), but consideration of these more physical variables in subsidy 
studies is rare (Muehlbauer et al. In Review). 
 Specifically in terms of stream size differences affecting river–land subsidy 
dynamics, the magnitude and importance of an aquatic subsidy and the distance that it 
travels in food webs through the terrestrial landscape might be expected to vary 
accordingly with other factors associated with hydraulic geometry and the river 
continuum concept (Leopold and Maddock 1953, Vannote et al. 1980). In very small 
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streams, the small ecosystem size of donor (stream) ecosystems relative to recipient 
(terrestrial) ecosystems may limit the presence of a large aquatic subsidy signal in 
terrestrial food webs, due to the aquatic subsidy simply being small relative to the 
abundance of terrestrial prey. Conversely, differences in productivity gradients between 
the largest rivers and their floodplains may also limit aquatic subsidy transmission 
(Henschel et al. 1996, Henschel 2004). Thus, the distance that aquatic subsidies are 
transmitted through the terrestrial landscape may be greatest in mid-order streams. This 
pattern has been generally supported in coarse terms by other studies (Henschel 2004, 
Muehlbauer et al. In Review); however, to date no study has systematically compared 
subsidy dynamics among more than 2 stream orders within the same watershed. An 
entire-watershed approach consisting of sampling on several stream orders would provide 
clarity regarding how stream size affects aquatic subsidy transmission along the river 
continuum. 
 Similarly, streams with different channel morphologies (e.g., braided, 
meandering, straight, etc.) have divergent hydraulic processes, sediment characteristics, 
and floodplain forms (Nanson and Croke 1992), and these stream morphological 
differences may affect subsidy dynamics. Increasingly complex (e.g., braided) channels 
increase the physical surface area of the aquatic-terrestrial interface relative to a strictly 
single channel, linear stream, much as a sine wave between 2 arbitrary points on a graph 
will occupy more space than a straight line connecting the same 2 points (Richards 1982). 
In one study, increased stream length (more meandering channels) led to increased 
aquatic insect abundance and, subsequently, a greater abundance of avian insectivores 
(Iwata et al. 2003). This is also corroborated by mathematical models developed in 
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another study, which has suggested that increased watershed drainage density and more 
sinuous channels may promote increased aquatic subsidy transmission through terrestrial 
landscapes, with meander bends in particular serving as high subsidy magnitude 
“hotspots” (Sabo and Hagen 2012). Results from our meta-analysis (Muehlbauer et al. In 
Review) also supported the notion of an increase in aquatic subsidy transmission distance 
into terrestrial environments with increasing geomorphic complexity, but geomorphology 
was considered only in coarse terms in that study. As with stream order, direct field 
observations of subsidy dynamics across a variety of geomorphic channel forms are 
needed. 
 Finally, discontinuities in the lateral stream–floodplain–hillslope profile may also 
affect subsidy transmission. The presence of a large levee that segregates the stream from 
its floodplain, for example, may serve as a barrier to the dispersal of the winged adult 
stages of aquatic macroinvertebrates. Similarly, an abrupt transition from generally more 
open riparian vegetation to dense upland forest may also act as a physical dispersal 
boundary (Cadenasso and Pickett 2001). If so, this would limit the extent of the subsidy 
largely to the stream side of the barrier, removing this potential subsidy source from 
terrestrial food webs on the hillslope side or at least reducing the distance at which a 
subsidy of notable magnitude would be observed in such food webs. This barrier effect 
seems logical but was not well-supported by our meta-analysis (Muehlbauer et al. In 
Review). However, that analysis was forced to treat barriers in very coarse, qualitative 
terms (i.e., banks were either “steep” or “gradual”) and a more extensive treatment of 
these boundary attributes may add clarity to their potential effect on the spatial distance 
traveled by aquatic subsidies on land. 
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 In this study, we explicitly investigate the effect of major hydrologic, fluvial 
geomorphic, and terrestrial environmental variables on the lateral distance (away from 
the stream) that aquatic subsidies travel through terrestrial landscapes. Specifically, we 
use the “stream signature” approach developed by Muehlbauer et al. (In Review) to 
delimit points on the landscape where terrestrial food webs, in terms of the proportion of 
predator density and resource acquisition, are “half stream” and “10% stream” (the 50% 
and 90% stream signature, respectively). We focus here on predatory beetles and spiders, 
both in terms of direct measurement of their proportional consumption of aquatic 
resources via stable isotope analysis, and their attraction to stream resources as evidenced 
by their abundance and biomass near stream banks. Although they are not truly the top 
predators in riparian zones and adjacent upland food webs (a distinction belonging to 
birds, bats, humans, etc.), these arthropods are nonetheless major recipients of aquatic 
subsidies (Nakano and Murakami 2001). Beetles and spiders are also ubiquitous and 
easily sampled in large numbers, making them ideal for large, multi-site comparisons of 
river–land subsidy dynamics. 
 Our intention was to assess how stream signatures in these food webs vary with 
stream order, with increasingly complex channel morphology, and with breaks in the 
lateral topographic profile introduced by steep banks, levees, and sharp forest boundaries. 
Based on the literature and our previous work, our hypotheses were threefold: 1) that 
stream signature would be non-linearly related to stream order, such that the stream order 
would be maximized in middle-order (i.e., 3rd–6th order) streams; 2) that stream 
signatures would increase with increasing channel geomorphic complexity; and 3) that 
topographic breaks that reduce hydrologic connectivity between stream channels and 
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adjacent terrestrial zones would also serve as a boundary to subsidy transmission that 
would decrease the stream signature (Fig. III-1). 
METHODS 
Site descriptions 
 A total of 46 sites on 16 streams and rivers were sampled in the summers of 
2010–2011, in the mountains of North Carolina and throughout central Europe (Plate III-
1, Appendix C: Table C1). The majority of these sites were located in and around the 
Coweeta Hydrologic Laboratory in the southern Appalachian Mountains of North 
Carolina, USA, and in the Tagliamento River watershed in northeastern Italy. Physical 
and biological characteristics of these watersheds have been described previously in 
detail (e.g., Swank and Crossley 1988, Tockner et al. 2003). In brief, the Coweeta Creek 
catchment is characterized by relatively steep topography and is humid and heavily 
forested, with a dense understory near the stream consisting predominantly of 
Rhododendron. The Tagliamento watershed is also mountainous, wet, and densely 
vegetated in its headwaters (although not to the same extent as Coweeta), but then 
transitions to a flatter, piedmont region with a more Mediterranean climate. The 
Tagliamento River differs most notably from the Coweeta region in that much of the 
main stem river is heavily braided and maintains an active floodplain corridor that is 
relatively flat and lacks substantial vegetation. 
 Study site selection was similar for Coweeta and the headwater region of the 
Tagliamento, as the watersheds were intended for paired analysis. Approximately 10 sites 
were sampled in each watershed, ranging from 1st–5th order channels. Streams high in the 
headwaters of both watersheds were predominantly steep, colluvial, and situated in 
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narrow valleys with narrow or non-existent floodplains (Plate III-1). With increasing 
stream order these characteristics gradually changed, such that the larger rivers sampled 
at the bottom of the watersheds (the Little Tennessee and Fella Rivers for Coweeta and 
the Tagliamento, respectively), were low gradient and alluvial, with broad floodplains 
extending laterally on the order of 100 m from the channel banks. The watersheds were 
also similar in that most of the studied portions were located in protected areas: within 
the Coweeta Hydrological Laboratory and the Parco Naturale delle Prealpi Giuli, 
respectively.  
 Like the headwaters, the main stem of the Tagliamento River (~ 5th–7th order) is 
also relatively un-impacted by humans. This makes it unusual among larger rivers in 
temperate latitudes and allows it to serve as a “reference river” (Ward et al. 1999) for 
lotic ecosystem conditions prior to widespread damming, straightening, dredging, and 
alterations to the riparian zone. Several sites along the Tagliamento were chosen that 
were representative of these reference braided and highly sinuous conditions, with natural 
banks and extensive floodplain riparian zones (Plate III-1, Appendix C: Table C1).  
 These Coweeta and Tagliamento study sites were contrasted with other large river 
sites on the Elbe, Danube, Drava, and Sava rivers throughout central Europe. River bank 
and riparian zone access was critical for this study, so by necessity all sites on large rivers 
were located within nature preserves or managed lands. Thus, although the rivers 
themselves were modified, the floodplains and riparian zones sampled were relatively 
less altered than adjacent, unstudied reaches outside the preserves. Sampling on the Elbe 
River in Germany took place within a UNESCO World Heritage site that consisted 
largely of open meadows (Plate III-1, Appendix C: Table C1). The river was meandering 
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and had some point bars, but was also modified by in-channel groin fields, levees, and 
sheep grazing within the riparian zone. In contrast, the Danube River sample sites in 
Donau-Auen National Park in Austria, in Duna-Dráva National Park in southern 
Hungary, and in the Gornje Podunavlje Special Nature Reserve of the Vojvodinašume 
forests of northern Serbia were all more forested, characterized by a fairly straight 
morphology, and were also either incised or exposed to wakes from heavy ship traffic. 
The Duna-Dráva sites also had some open meadows that were exposed to cattle grazing, 
and the Gornje Podunavlje sites were adjacent to lands managed for timber and contained 
a ~ 10 m tall levee that divided the floodplain. On the Drava River in southeastern 
Hungary—a large river tributary of the Danube protected by another section of the Duna-
Dráva National Park system—samples were collected from a reach that was heavily 
forested and mostly straight. Finally, samples on a meandering section of the Sava River 
in Serbia (another Danube tributary) were collected within Obedska Bara Special Nature 
Reserve. This land is managed for pulp timber and also supports heavy grazing by hogs, 
which uproot vegetation and bank sediment within the riparian zone. 
 Several additional sites in the Tagliamento and Danube regions were also sampled 
for bank-related subsidy effects, related to steep banks potentially acting as barriers to the 
transmission of aquatic subsidies (Appendix C: Table C1). This sampling was conducted 
in a pairwise fashion: sites containing a levee or steep natural bank were contrasted with 
adjacent reaches or with the opposite stream bank, where the gradient from the water’s 
edge to the hillslope was more gradual. These sites were representative of the diversity of 
sites used in the other parts of this study, ranging from headwater streams to the largest 
rivers and from straight channels to meandering and braided morphologies. 
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Physical site parameters 
 Channel morphology was surveyed using a laser Total Station 1200+ (Leica 
Geosystems, Heerbrugg, Switzerland) at all sites, except on the larger Danube, Drava, 
Sava, and Elbe river sites. Surveys were used to calculate channel widths, bank heights, 
levee and hillslope morphology, and to give accurate distances for the lateral (from 
stream bank to hillslope) transects used to sample arthropods. In the large rivers that were 
not laser surveyed, these site attributes were estimated using meter tapes, manual 
estimates, or—in the case of large river widths—GIS map data. Stream orders were based 
on the Strahler (1952) system, and were calculated based on personal observation and 
watershed maps. Transitions between vegetation types (e.g., between the riparian zone 
and upland/hillslope forest) were also recorded. 
Arthropod sampling 
 Terrestrial arthropod sampling occurred along lateral transects (perpendicular to 
the stream) at log2 distances; e.g., 0, 1, 2, 4 m, etc. This method was consistent with other 
studies of the spatially-explicit nature of river–land subsidies, which generally sample 
along some form of a modified log scale (e.g., Sanzone et al. 2003, Power et al. 2004, 
Briers et al. 2005). Additional samples were also taken where notable shifts occurred in 
the profile of the lateral transect, such as at the bottom and top of a levee, or at the 
transition from more exposed floodplain or riparian zones to more dense upland forests. 
Transects extended as far as was physically possible, generally encompassing the entire 
floodplain and riparian zone, and ≥ 10 m into the upland forest and hillslope. Due to 
differences between sites, the length of these transects ranged from ~ 20 m in the smallest 
streams to > 500 m on large rivers.  
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 Arthropods were collected predominantly using pitfall traps, which were deployed 
in triplicate at each sampling distance along each transect and were left out for an average 
of 3 d. These traps, while effective at collecting beetles, actively hunting spiders, and 
other ground taxa (Uetz and Unzicker 1976, Davis et al. 2011), do not adequately sample 
webbed spiders or more arboreal species. Thus, pitfall traps were supplemented at each 
location with samples that were collected for 10 minutes using sweep nets. In rare cases 
where there was no vegetation or the vegetation was too wet to allow sweep netting, 
arthropods were manually picked for 10 minutes from vegetation, spider webs, and from 
under cobbles at each location instead. 
 To assess physical dispersal of adult aquatic insects, light traps consisting of a 
black light and a fluorescent light beneath mesh or a white sheet were also deployed at all 
sites, except on the Danube, Elbe, Sava, and Drava rivers. Attracted arthropods were 
manually picked from the traps for 20 minutes shortly after dusk, when many adult 
aquatic invertebrates are most actively flying (Ward et al. 1996). Traps were deployed 
along the lateral sampling transects at the channel banks, at the edge of the riparian–
upland transition (if this transition was noticeable), and at the farthest pitfall trap 
sampling distance. Light sources attract many arthropods and thus actively affect 
dispersal (Chan et al. 2007), so adult aquatic invertebrates collected using this method 
may not accurately represent the abundances of taxa normally found at these distances. 
Nonetheless, these data can be useful in relative terms (i.e., for comparisons between 
traps at the same site, Collier and Smith 1998). Further, the presence of aquatic 
invertebrates at a trap indicates that individuals in the collected taxa are at least 
physically capable of traversing that distance from the stream bank (Kovats et al. 1996). 
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 Aquatic macroinvertebrates were sampled semi-quantitatively at each site by 
using a D-frame net for 10 minutes. Surber quadrat samples were also collected at most 
sites (all but the largest rivers), which allowed quantitative estimates of aquatic 
macroinvertebrate density to be measured (Hauer and Lamberti 2006). At braided sites 
with multiple wetted channels, discrete D-net and Surber samples were taken from within 
each channel. 
 All collected invertebrates were subsequently identified in the laboratory. Given 
the global nature of this sampling and the large morphological differences between sites, 
inter-site comparisons at the species level would have been generally uninteresting 
(headwater streams in Coweeta and sites along the Danube should be expected to have 
relatively few species in common, for instance). Thus, most taxa of interest were 
identified to the family level, which allowed more direct comparison between sites (e.g., 
nearly all sites had Lycosidae hunting spiders, although the actual species differed). Taxa 
that were both difficult to identify and not of particular interest to this study (e.g., 
terrestrial adult Diptera) were only identified to the Order level, consistent with other 
studies of river–land subsidies (e.g., Sabo and Power 2002a). Some families of particular 
interest, notably including Lycosidae, Carabidae, and Staphylinidae ground predators, 
routinely consisted of multiple clearly distinguishable species. These were differentiated 
according to morphospecies classifications, which were general enough to be used 
consistently across all sites (e.g., very large Lycosidae, Pardosa-like Lycosidae, etc.). In 
total, 40,293 individuals were identified in this study, across 98 morphospecies-level 
groups. 
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 Following identification, invertebrates were dried at 60 °C for 48 h. At this point, 
they were combined into one of 16 major groups (Appendix C: Table C2), which served 
to differentiate known beetle predators and from herbivores and from more generalist 
taxa, ground spiders from webbed spiders, and so on. These major group samples 
(containing several individuals, often across multiple morphospecies) were then weighed 
for biomass, such that the biomass of each major group within each pitfall trap replicate, 
sweep net, light trap, D-net, or Surber sample was recorded. 
 Preliminary analysis indicated that neither abundance nor biomass alone would be 
an ideal metric for assessing the effect of aquatic subsidies on the terrestrial arthropod 
community due to stochasticity in pitfall samples. Previous studies of predator attraction 
to streams have generally focused only on abundance (e.g., Bell et al. 1999, Burdon and 
Harding 2008), only on biomass (e.g., Henschel et al. 2001, Power et al. 2004), or have 
included data for both abundance and biomass but have treated them individually (e.g., 
Henschel et al. 1996, Sanzone et al. 2003). However, in our study, we found that 
abundance metrics were routinely thrown off in particular by the stochastic presence of 
spider egg sacs, which would hatch in or near pitfall traps and add hundreds of 
individuals to a given trap. Similarly, biomass metrics were biased toward traps in which 
large, rarely-collected carabid beetles were collected. Taking the product of 
abundance*biomass effectively eliminated this issue by normalizing the effect of 
abundant, small taxa and large, rare individuals. Thus, this abundance*biomass metric 
was used for the remainder of the non-isotopic analysis, particularly for the attraction of 
arthropod predators to the stream. 
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Basal resource sampling 
 Algae, aquatic detritus, and terrestrial vegetation and leaf litter were collected at 
each site in order to obtain basal resource stable isotope signatures for food web analysis. 
Aquatic algae was collected by manually removing periphyton from channel bed 
substrate, and aquatic detritus was generally collected as a product of D-net and Surber 
sampling. Both were rinsed to remove as much attached sediment from algae and 
attached periphyton from detritus as possible. Terrestrial vegetation and detritus was 
collected along each sample transect and was ultimately combined into one homogeneous 
sample. As with the arthropods, all basal resources were subsequently dried in the 
laboratory at 60 °C for 48 h. 
Stable isotope analysis 
 Major arthropod group samples from each location/sample method and basal 
resource samples from each site (~ 1200 samples in total) were submitted to the Duke 
University Environmental Stable Isotope Laboratory (Durham, North Carolina, USA) for 
δ13C and δ15N stable isotope analysis. Samples were run on a Thermo Finnigan Delta 
Plus XL continuous flow mass spectrometer using to a Carlo Erba Elemental Analyzer 
connected through a Conflo III interface. Prior to submission to the Duke Laboratory, 
dried samples were homogenized in a ball mill for 8 minutes. Although the mass 
spectrometer only required ~ 0.5–1 mg of dried sample, samples were only prepared for 
dried samples that contained ≥ 4 mg of biomass (generally several individual arthropods) 
to minimize the potential for extreme values originating from very small sample 
abundance or biomass. 
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 Stable isotope analysis was intended to differentiate aquatic from terrestrial 
sources in terrestrial food webs, based on presumed differences in δ13C and δ15N between 
aquatic algae and terrestrial plants that are maintained and propagated through higher 
trophic levels. Because aquatic sources are themselves reliant to varying degrees on 
allochthonous material (France 1995, e.g., aquatic macroinvertebrate shredders eating 
submerged terrestrial leaf litter), this method—particularly for δ13C—may be expected to 
be somewhat less effective in the smallest, most shaded (less autochthonous) streams. 
Nonetheless, in the absence of labeling streams with an isotopic tracer (infeasible in all 
but the smallest streams) or direct observations of predators feeding on aquatic resources 
(difficult in most cases and logistically infeasible to carry out on 46 sites), this method 
was the best currently-available option available for uniformly measuring the 
incorporation of aquatic resources into terrestrial food webs at our sites. 
 The proportion of aquatic and terrestrial resources in terrestrial predator diets was 
computed using standard 2-source isotopic mixing models (Doucett et al. 1996) for both 
δ13C and δ15N independently. Because some sites showed very little difference between 
basal aquatic and terrestrial resources either for δ13C or δ15N signatures, one set of 
isotope results from a site was occasionally thrown out. Isotopic fractionation was 
calculated on a site-by-site basis using the difference in δ13C and δ15N between terrestrial 
vegetation and collected hemipteran herbivores (Appendix C: Table C2). Site-specific 
values were used because initial analysis indicated that these values yielded better results 
than using a global average value for all sites (e.g., fractionation values mentioned in Post 
2002). However, as with all fractionation estimates, the site values used in this study are 
susceptible to inaccuracies due to variation in different trophic levels or between major 
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groups, which undoubtedly introduced error into our analysis. To minimize this in part, 
the data were relativized so that clearly spurious results likely originating from variation 
in trophic fractionation (e.g., data points for a spider that suggested its energy was > 
100% derived from an aquatic resource) were dampened such that no data point was 
allowed to be > 100% derived from either aquatic or terrestrial resources. 
Statistical analysis 
 Prior to analysis, predator attraction and stable isotope data were converted to an 
effect size (Glass 1976). This was done because—particularly in the case of predator 
attraction abundance*biomass data—size variation was very large and using these raw 
data would have biased results toward those sites. Effect sizes for the response variable 
were computed on a site-by-site basis in the manner described by Muehlbauer et al. (In 
Review): essentially by relativizing data according to the maximum percent aquatic 
stable isotope value (for food web data) or the maximum abundance*biomass in a sample 
(for predator attraction) at each site. Thus, each unique site data subset contained at least 
one data point equal to 1 (i.e., “100% aquatic”), and one equal to 0. This procedure was 
carried out on both predator attraction and stable isotope data from terrestrial arthropod 
predators for the sake of consistency (Supplements 2, 3). However, data relativization 
generally resulted in little or no change to the stable isotope data; these were already 
computed as proportions during the mixing model calculation, and most sites had 
predator isotope mixing model results that indicated their biomass was near 0% or 100% 
aquatic even prior to relativization. 
 Stream signature analysis was carried out using the methods described in 
Muehlbauer et al (In Review). In short, negative linear (Subsidy = –Distance), 
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exponential (Subsidy = e –Distance), and power (Subsidy = Distance –k) curves were fit to 
subsidy magnitude–distance data, with the stream representing a 100% stream signature 
value (i.e., entirely derived from aquatic sources). These curves were first fit individually 
to each site. Any site data subset that did not show a decay (i.e., negative slope) for all 3 
curve types was precluded from further analysis, as these would otherwise artificially 
inflate the stream signatures (i.e., make the stream signature artificially large). In keeping 
with previous studies (Power and Rainey 2000, Muehlbauer et al. In Review), we focus 
predominantly on 50% and 90% stream signatures, or the lateral distances on the 
landscape where terrestrial predators still derive 50% or 10% of their energy from aquatic 
resources, respectively. As in Muehlbauer et al. (In Review), the fitted curves were based 
on multilevel, mixed-effects models, which used the study site as the random intercept, 
structural variable. Stream and terrestrial conditions (stream order, channel morphology, 
vegetation type, etc) were added to the model as fixed effects. Where relevant, model 
selection was based primarily on AIC (Akaike 1973, Burnham and Anderson 2002) and 
corroborated by likelihood ratio tests. Relevant comparisons between paired sites or 
samples were based on pairwise t-tests. All statistical analysis was carried out using the R 
statistical software package (R Development Core Team 2012). 
RESULTS 
Fitting the stream signature 
 Preliminary stream signature decay curves were fit for each site using fixed 
effects linear regression. These initial models revealed that the majority of sites did not 
exhibit a decay in effect size for either relativized abundance*biomass or stable isotope 
proportion aquatic data. Upon closer inspection, this was due to large increases in the 
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effect size for both metrics, which appeared uniformly at the transition between riparian 
vegetation and upland forest (Fig. III-2). In many cases, the effect size at the forest 
boundary was roughly equivalent to the observed value at the water’s edge, representing 
a value at or near “100% aquatic” (i.e., predator biomass entirely based on aquatic 
resources, or predator abundance*biomass at its highest level, Fig. III-3). Sites without an 
abrupt, visible transition in vegetation structure between riparian and upland zones did 
not exhibit this sharp increase in effect size at any point in the transect. Retaining data at 
this forest boundary point would have compromised the stream signature method, as it 
would fit grossly incorrect regression models that would imply (erroneously, based on 
visual inspection of the remainder of the data) that there was no decay in the stream 
signature with distance. Thus, in order to fit reasonable stream signature decay curves, 
data at distances equal to or greater than the forest boundary point at sites where this 
transition was visible (from the vegetation, not from the data) were precluded from future 
models.  
 Subsequently, site-specific regression models were fit using this reduced dataset. 
Using the modeled regression equations for each site derived from this reduced dataset, 
predicted effect size values at a given distance could be calculated based on the 
regression coefficients. Comparing these predicted regression-based values for the effect 
size at the forest boundary distance to the actual observed values at the forest boundary, 
the predicted effect was indeed significantly lower than the observed, empirical effect 
size data at those forest boundary distances (t = –3.8176, p = 0.0008). 
  A similar pattern was observed at the base of topographic breaks in the profile of 
the lateral transect: at steep banks, levees, and floodplain terraces (Figs. III-2, III-4). By 
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definition, these breaks often occurred very near the stream bank. Some levees and 
terraces did occur at greater distances from the stream bank though, such as a levee on 
the Danube River in Gornje Podunavlje Special Nature Reserve in Serbia that was set 
back 168 m from the river, and an increase in effect size was visible even in these cases 
(Fig. III-5). Overall, the observed effect size at the base of the topographic breaks 
exceeded the fitted model predictions for those distances by 207%, representing a 
significant increase in effect size at the base of these break points in the profile of the 
lateral transect (t = 3.0935, p = 0.0074).  
 Topographic breaks occurred either very near the banks, or at distances at which 
the effect size was already low; thus, their inclusion did not compromise the stream 
signature calculations (Fig. III-2). For example, if the topographic break occurred near 
the stream bank, the increase in effect size at this distance did not interfere with our base 
ability to fit a decay curve, because all high effect size data points (including those at the 
topographic break) were located near 0 m on the lateral transect (Fig. III-4). Similarly, if 
the topographic break was very far away, even the observed 207% increase in effect size 
at this distance (compared to the regression-predicted value for that distance) would 
represent only a marginal change relative to the values near the stream banks (e.g., from 
1% to 2.07%, when the value at the stream banks is 100%), so these also did not interfere 
with our ability to fit a decay curve. The intention of decay curve fitting was to derive 
accurate stream signatures for streams and rivers under a variety of conditions, including 
those with topographic and vegetation breaks and boundaries if possible. While data at 
the topographic breaks certainly serve to inflate the results (i.e., they make the stream 
signature larger), so long as the data still fit a decay curve their effect does not represent 
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an inaccuracy in the steam signature (i.e., the inflated values are an outcome of the actual 
presence of aquatic resources at those boundary distances, not an artifact of bad model 
fitting). Thus, unlike the forest boundary data that had to be removed in order to even 
compute decay curves, the topographic break data were retained and helped to improve 
the subsequent, more complex stream signature models.  
 Using the reduced dataset in which predator abundance*biomass and stable 
isotope data collected at distances greater than or equal to the forest boundary were 
removed (but data at or beyond topographic breaks were retained), roughly 1/3 of all 
datasets still did not show a uniform aquatic subsidy–distance decay (Fig. III-6, Table III-
1). As with the data beyond abrupt forest transitions, data from these non-decaying sites 
were precluded from the dataset used for more complex regression models to avoid 
overinflating the stream signature results. Removal of these non-decaying sites still 
resulted in a robust dataset of 30 and 23 sites for predator abundance*biomass and stable 
isotope predator food web data, respectively. As mentioned in the Discussion, non-
decaying sites do not seem to have been interspersed randomly throughout the dataset; in 
particular, the majority of non-decaying sites were located on the smallest streams and, to 
a lesser extent, on the largest rivers. 
Addition of variables to stream signature models 
 In order to infer the importance of individual explanatory variables in affecting 
the stream signature, simple linear, mixed effects models were first fit using only effect 
size and distance from the stream for both predator*abundance and stable isotope data. 
Three models, corresponding to simple negative linear, exponential, and power functions, 
were fit for both datasets. Based on AIC values, the negative power curves fit the data 
73 
best in both cases; the resultant weight values suggested that these curves should be relied 
upon exclusively and that negative linear and exponential-based models did not warrant 
further consideration (Table III-2). Thus, negative power models were used for the 
remainder of the analysis. 
 Hydrogeomorphic and landscape vegetation variables were subsequently added 
individually to this base power curve model (Tables III-3, III-4). For both predator 
attraction (abundance*biomass) and food web (isotope) data, models were improved by 
the addition of stream channel width, stream order, study region (Tagliamento, Coweeta, 
Danube, Elbe), and bank type (gradual, steep, levee, terrace). Predator group (beetles, 
hunting spiders, webbed spiders) and floodplain/riparian zone vegetation (barren, 
understory, overstory) also improved the predator attraction and food web models, 
respectively. Channel geomorphology (straight, meandering, braided, point bars) and 
upland vegetation variables did not improve either model. 
 Combining all variables to attempt to fit the best predictive model for the decay of 
subsidy importance to terrestrial food webs with distance yielded several candidate 
models for both predator attraction and food webs (Appendix D). Study region, 
floodplain vegetation, predator group, and stream order were each included in at least 
half of these models, in order of decreasing frequency of inclusion. In particular, study 
region, bank type, and floodplain vegetation were all present in 70–74% of the food web 
models, and study region, predator group, and floodplain vegetation were present in 
100%, 100%, and 81% of the predator attraction models, respectively. Channel 
geomorphology, in contrast, was included as an important explanatory variable in only ~ 
10% of the models. Upland vegetation was precluded from model fitting due to 
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singularities with the floodplain vegetation variable, which was chosen in lieu of the 
upland vegetation factor based on individual model fit results (Tables III-3, III-4). 
Stream signatures under different conditions 
 Stream signatures based on the reduced dataset were computed at the overall level 
and individually for each level of the explanatory variables that were shown to be 
important in fitting the predator abundance and food web subsidy–distance curves (Table 
III-5). In 28 of the 29 cases in which a stream signature was fit for a given factor level, 
the 50% stream signature was located within 2 m of the stream bank. The magnitude of 
the 90% stream signature varied more widely, and was nearly four-fold higher for food 
web data than for predator attraction (322 vs. 84 m). For all factor subsets, food web 
stream signatures were more spatially extensive than predator attraction signatures. The 
relationships of different levels within a factor to one another were similar across both 
predator attraction and food webs stream signatures, however. For example, in both 
predator attraction and food web data, the 90% stream signatures by stream order were 
lowest in the smallest (1st–2nd order) streams, then remained mostly constant across 3rd–
7th order streams and rivers. Similarly, the Tagliamento and Coweeta study regions with 
high sampled proportions of smaller streams had lower 90% stream signatures than Elbe 
and Danube regions, which consisted entirely of large river samples. 
 Streams with gradual and steep banks had lower stream signatures that sites with 
levees of floodplain terraces, which generally exhibited topographic breaks at great 
distances from the stream bank (as discussed previously, effect sizes were inflated at the 
location of these breaks). Floodplain vegetation density was inversely related to food web 
stream signatures, with the 90% stream signature extending the greatest distance in un-
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vegetated floodplains. Floodplain vegetation stream signatures were not calculated for 
predator attraction because this variable did not individually improve predator attraction 
model fit (Table III-3). Similarly, arthropod predator group improved predator attraction 
but not food web model fit (Table III-4); for predator attraction models the stream 
signature was greatest for webbed spiders and subsequently decreased for hunting spiders 
and finally for beetles. Because channel geomorphology did not improve the fit of either 
predator attraction or food web models, computation of stream signatures for the levels of 
this factor would have had a high likelihood of being spurious, and so were not 
considered. 
Aquatic subsidies in complex geomorphic channels 
 For stream signature models, only data extending spatially from the banks 
outward on the terrestrial landscape were included; data collected on internal channel 
braids and point bars (essentially, riverine ‘islands”) were excluded. In rivers with these 
more complex, in-channel geomorphic features, isotope data indicate that the terrestrial 
arthropods living on braids are highly dependent on aquatic subsidies (Fig. III-7). 
Compared to food webs on the first ~ 8 m of the true river’s-edge–terrestrial banks of 
these sites, predatory arthropod food webs on interior braid banks were significantly 
more dependent on aquatic resources (t = 4.1139, p < 0.0001). Further, there was no 
evidence for a distance decay on these interior braids with distance from the braid bank, 
unlike on the true river’s-edge–terrestrial banks. 
Dispersal of adult aquatic insects 
 Adult aquatic macroinvertebrates were collected using light traps deployed in the 
evening as a means of showing that these insects are physically capable of dispersing 
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throughout the lateral distances in which arthropod predators were sampled in this study. 
Adult aquatic macroinvertebrates were indeed collected at all locations within all sites in 
which night sampling took place. By abundance, samples consisted of 95% Trichoptera, 
with the remainder of the collected individuals coming more or less equally from 
Ephemeroptera, Diptera with aquatic larval stages, and Plecoptera. Data collection was 
not intended to differentiate differences in dispersal ability between these groups, and 
also may have been skewed toward Trichoptera by virtue of the sampling season (mid-
summer) and biases inherent in manually picking insects.  
 Night sampling data generally consisted of sampling at 2 distances per site: at the 
banks and near the farthest distance at which pitfall traps were deployed. When data were 
converted to an abundance*biomass effect size, there was no overall difference between 
samples taken at the banks and samples taken at the farthest distances, based on paired, 2-
sample t-tests (t = –0.8931, p = 0.3869). However, when samples were divided into 
subsets according to the presence or absence of abrupt vegetation shifts at a site, sites 
without a sharp visible transition from riparian to upland forest exhibited a significant, 
79.72% decrease from the banks to the farthest sampling distances (t = -9.6309, p < 
0.0001, Fig. III-8). In contrast, adult aquatic macroinvertebrates at sites with forest 
boundaries exhibited a similar pattern to the one observed for predator 
abundance*biomass data at the same forest boundaries (Fig. III-3), and remained at or 
near the levels found at the stream banks. In fact, the average abundance*biomass of 
adult aquatic macroinvertebrates actually increased by 39.87% from the banks to the 
forest edge, but this increase was not significant (t = 0.8457, p = 0.4302). 
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DISCUSSION 
Characteristics of stream signatures and comparison with meta-analysis 
 The stream signature approach can be beneficial in determining the importance of 
ecological subsidies to donor ecosystems in a spatially-explicit nature. In stream and river 
ecosystems, specifically, stream signatures can be used to understand how far aquatic 
resources such as adult aquatic macroinvertebrates travel into the terrestrial landscape, 
and the extent to which terrestrial food webs depend upon these subsidies at a given 
distance from the stream. Because subsidy transmission necessarily declines with 
distance from the donor ecosystem (in this case, the stream), understanding the nature of 
this decay function is a critical first step to any spatially-explicit characterization of 
subsidy dynamics. 
 In this study, the overall stream signature decay curves for both stable isotope and 
predator attraction data were both fit best by a negative power function (Table III-2). This 
is in agreement with our previous meta-analysis of ~ 450 data points across ~ 100 streams 
(Muehlbauer et al. In Review). The current study increases the available data subsidy–
distance relationships by more than two-fold, adding ~ 1000 more data points and 46 
additional sites worth of support for negative power curves best fitting the decay of 
aquatic subsidies with distance from the stream. In addition, whereas the dataset utilized 
in the meta-analysis was based primarily on measurements of the physical dispersal of 
aquatic macroinvertebrate adults as an analogue for food web incorporation, the current 
dataset relies upon more direct food web methods: the attraction of predators to a subsidy 
resource, and the proportion of aquatic resources in these predators’ diets based on stable 
isotopes. Combined with the meta-analysis (Muehlbauer et al. In Review), these results 
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strongly suggest that the importance of aquatic resources to terrestrial food webs declines 
in a non-random (i.e., non-exponential) fashion.  
 One important implication of stream signature decay curves fitting a negative 
power function is that the curve declines steeply. As a result, the overall 50% stream 
signature was essentially at the stream bank at most sites; < 1 m from the water’s edge in 
terms of both predator attraction and food web metrics (Table III-5). However, the long 
tail of the decay curve also means that aquatic resources are still found in food webs that 
are typically conceived as being entirely terrestrial; for instance, stable isotope results 
suggest that terrestrial arthropod predators > 300 m from the stream (well into upland 
ecosystems) still derive ~ 10% of their energy from aquatic sources. 
 The results from this study suggest that the stream signature is less spatially 
extensive than was expected based on a previous synthesis of available meta-data 
(Muehlbauer et al. In Review). It is impossible to fully rule out that these differences in 
stream signatures are due to inherent difficulties in synthesizing data via meta-analysis 
(Whittaker 2010), and it is tempting to prematurely suggest that the values calculated in 
the current study are more accurate due to difficulties in data collection, methodological 
standardization, and error propagation that may confound meta-analysis. However, closer 
inspection of the data reveals differences in the 2 datasets that make the reduction in the 
stream signatures between the meta-analysis and the current study neither entirely 
unexpected nor inexplicable. In terms of predator attraction to stream resources, for 
example, the 90% stream signature in the current study was 84 m (Table III-5), less than 
1/3 the value of 280 m suggested by the meta-data for the overall decay in abundance of 
combined beetle and spider populations. Both spiders and beetles are well-recognized as 
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recipients of aquatic subsidies in general (e.g, Henschel et al. 2001, Paetzold et al. 2005); 
however, in the subset of subsidy studies that examined the spatially-explicit transmission 
of aquatic subsidies to predators, spiders—and webbed spiders in particular—have been 
focused on disproportionately (~ 95% of the data points for predator attraction included 
in the meta-analysis, Muehlbauer et al. In Review). Perhaps not coincidentally, the 90% 
stream signature for webbed spiders reported here was 273 m (Table III-5), very close to 
the meta-analysis, webbed-spider-centric estimate of 280 m. In the current study, 
however, webbed spiders accounted for only 20% of the data points. Beetles, in contrast, 
represented 32% of the data points in this study, and their 90% stream signature of only 
10 m lowers the overall predator attraction stream signature substantially. Unlike webbed 
spiders, beetles rely on prey resources that can be acquired near ground level, and some 
species even seem adapted to feeding on pre-emergent aquatic taxa at the water surface 
(especially on the Tagliamento, Paetzold et al. 2007), so they should be expected to have 
low stream signatures. Thus, a decrease in the stream signature between a dataset 
dominated by web spiders and a dataset with more beetles is sensible and reflects a shift 
based on species natural history and compositional differences in datasets rather than an 
erroneous analytical result. 
Stream orders and ecosystem size 
 We had predicted that the stream signature would be lower in small streams and 
large rivers relative to middle-order streams due to differences in ecosystem size and 
productivity gradients, respectively. The first of these predictions was borne out well by 
both the predator attraction and stable isotope data, as the 90% stream signatures in 1st–
2nd order, headwater streams was 1–2 orders of magnitude lower than in larger stream 
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sizes (Table III-5). This result is also consistent with meta-analysis results (Muehlbauer 
et al. In Review). Further, a majority of the smallest stream sites were precluded from 
stream signature analysis because they did not show a decay either in predator 
abundance*biomass or in percent aquatic stable isotope proportions with distance from 
the stream (Fig. III-6, Table III-1). In essence, these “non-decaying” sites showed either 
no support for the stream resource having any effect on terrestrial food webs, or else 
exerted such a strong influence that the effect of the aquatic signal did not decrease 
within the spatial extent of the lateral sampling transect. Based on the sharp drop of the 
predominant overall negative power function within 2 m of the stream and the explicit 
effort made to sample at laterally-extensive distances throughout this study, the first case 
seems far more likely, suggesting that 1st–2nd order, headwaters streams have a negligible 
effect on terrestrial predator food webs, even those very near the stream. 
 Contrary to our prediction, the stream signature was not substantially different 
within 3rd–7th order rivers, however, in spite of these sites encompassing ecosystems 
ranging from 5 m wide Ball Creek in the North Carolina (USA) mountains to the 600 m 
wide Danube River in Europe (Table III-5, Appendix C: Table C1). This suggests that 
stream ecosystem size exerts a non-linear effect on the transmission of ecological 
subsidies from streams and rivers to the terrestrial landscape. Above a certain size 
(apparently ~ 5 m, or 3rd order channels), increases in channel width and potentially 
concomitant changes in emergent insect productivity appear to lose influence in terms of 
the distance at which this aquatic resource is important to the terrestrial landscape. One 
possible explanation for this discrepancy between the smallest streams and all other 
streams and rivers may be that nearly all emergent aquatic resources are immediately 
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subsumed at or above the water surface. For instance, in Coweeta, low-lying 
Rhododendron draped extensively with the webs of Tetragnathidae and other webbed 
spiders can completely overhang the smallest streams (Plate III-1). Above a certain 
stream size threshold this vegetated boundary may become more open and diffuse 
(Naiman et al. 1988), allowing more substantial quantities of aquatic resources to escape 
the stream channel prior to being consumed. Regardless, as discussed below, other 
factors related to bank and terrestrial geomorphic and vegetative conditions seem to be 
far more important than stream size in affecting the stream signature, at least above this 
minimum stream width threshold. 
Channel geomorphology and braided river corridors 
 Sites sampled in this study included substantial numbers of straight, meandering, 
and braided stream reaches, and several reaches with point bars as well (Appendix C: 
Table C1). We expected the stream signature to increase from straight to meandering 
reaches based on modeling and empirical results from other studies (Iwata et al. 2003, 
Sabo and Hagen 2012). Further, we predicted the stream signature to increase even 
farther in sites with point bars and braided, multi-channel morphologies, with bars and 
interior braids serving as intermediate stops for aquatic insect resources that improve 
emergence success and subsequently allow more adult aquatic insects to travel farther 
into the terrestrial landscape. However, these predictions were not supported by the data, 
which consistently indicated that channel geomorphology did not improve model fit, or 
was the least important of the variables introduced into stream signature models (Tables 
III-3, III-4, Appendix D). Thus, we conclude that the decay in the importance of aquatic 
subsidies to terrestrial landscapes is not a function of channel geomorphology.  
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 It important to note, however, that this study emphasizes the spatial extent of 
subsidy transmission, irrespective of subsidy magnitude. Other studies indicating that 
channel geomorphology is important to subsidy transmission have primarily underscored 
the potential role of meander bends as “hotspots” of increased subsidy availability arising 
from the overlap of subsidies emerging from adjacent meander bends (Sabo and Hagen 
2012). While increased water–land surface area arising from more sinuous channel 
geomorphology may indeed support a subsidy-recipient terrestrial food web that is more 
reliant on stream resources (Iwata et al. 2003), this does not necessarily imply that these 
subsidies should travel any farther into the landscape. Much of the increased subsidy 
availability could be consumed by an even greater relative increase in subsidy-dependent 
predator densities very near the water’s edge, potentially reducing the density of aquatic 
insect resources penetrating beyond the first few meters of stream bank in sinuous 
reaches to similar levels observed in straight channels.  
Modeling results have suggested that the distance aquatic subsidies travel into the 
landscape is actually less sensitive to channel sinuosity than other watershed hydrological 
features such as drainage density (i.e., total stream length in a catchment, Sabo and 
Hagen 2012). Nonetheless, our meta-analysis indicated that increased levels of aquatic 
resource subsidy availability to terrestrial food webs (generalized in that study as “in-
stream productivity”) was one of the most explanatory variables accounting for stream 
signature distances (Muehlbauer et al. In Review). If the assumptions that more complex 
stream geomorphologies are indeed “hotspots” of emergent subsidy availability (Sabo 
and Hagen 2012) and that increased stream subsidy magnitude generally increases the 
distance at which these subsidies are important in the landscape (Muehlbauer et al. In 
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Review) are both valid, this forms a logical conditional proof, whereby more complex 
stream geomorphology should lead to increased stream signatures, which remains in 
contrast to our results. Evidently, additional research is still needed to disentangle these 
multi-study assumptions and results. 
 Although stream geomorphology did not have an effect on stream signatures in 
this study, the geomorphic structure of braided stream channels allows the persistence of 
a unique food web within the floodplain active channel. Channel braids and point bar 
“islands” support a community of terrestrial predators that are in some cases almost 
entirely reliant on aquatic subsidies (Fig. III-7). As with channel meandering (sensu Sabo 
and Hagen 2012), the increased extent of water–land interface on braids and bars—in 
combination with generally low levels of terrestrial productivity—seems to result in these 
zones acting as “hotspots” of subsidy transmission. As with true, oceanic islands (Polis 
and Hurd 1995), such bars and braids may thus provide exemplary templates for studying 
general subsidy dynamics. Further, the magnitude of the subsidy effect on braid food 
webs remained constant across channel braids for a given cross section, declining only on 
the edges of the exterior braids abutting the terrestrial uplands. This suggests that 
multiple braids within a river reach may be useful as natural replicates for ecological 
experimental manipulations of subsidy magnitude, and may warrant further investigation. 
Stream signatures at landscape borders and boundaries 
 The physical (topographic) and biological (vegetation) structure of the terrestrial 
landscape ultimately exerted a strong control on the transmission of subsidies from rivers 
to land, which affected stream signatures in multiple ways. First, stable isotope predator 
food web data indicated that vegetation conditions on the floodplain affected the stream 
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signature in a predictable manner, as the stream signature decreased with increasingly 
dense vegetation (Table III-5). The reasons for this may be twofold and related at least in 
part to both aquatic insect and terrestrial predator behavior. For adult aquatic insects, 
more open landscapes may simply allow these aquatic resources to disperse more freely 
and farther away from the stream (sensu Cadenasso and Pickett 2001). For predators, less 
densely-vegetated floodplains by definition support lower levels of primary productivity, 
which potentially cascades up the food chain (Henschel 2004) and makes predators more 
likely to be reliant on aquatic subsidies throughout the floodplain. This vegetation effect 
was only observed for stable isotope (food web) data and not for predator attraction to the 
stream, however, indicating that predators are attracted to the stream resource in similar 
ways regardless of floodplain vegetation conditions, but perhaps that their ability to 
capitalize on the aquatic subsidy resource at the stream bank (evidenced by proportion of 
aquatic energy incorporated into biomass) is enhanced in more forested streams. This 
would also lead to the decrease in the stream signature in forested compared to open 
floodplains, and further corroborates the observed pattern for stream order, whereby very 
small streams with densely overhanging vegetation had very low stream signatures or 
showed no subsidy–distance decay at all. 
 Stream signatures were also affected by channel bank type. We had expected 
steep topographic breaks in the profile of the lateral transect to effectively block further 
dispersal of adult aquatic macroinvertebrates, reducing the transmission of aquatic 
subsidies beyond these boundaries (Fig. III-1). The data suggest that levees, terraced 
floodplains, and steep, tall banks act to concentrate aquatic resources at the stream-side of 
the topographic break, at least temporarily amplifying the subsidy effect at these borders 
85 
and boundaries (Strayer et al. 2003). Adult aquatic macroinvertebrates were caught at 
equal or even greater densities at these breaks than at the water’s edge (Fig. III-8); in 
contrast, at sites without any topographic or vegetation boundary, light trap catches of 
these taxa decreased with distance from the banks. As a result, predator percent aquatic 
food web values from stable isotope analysis and predator abundance*biomass data both 
showed significant increases at the topographic breaks for most sites, which appeared as 
discontinuities in the decay curves (Figs. III-2, III-4, III-5).  
 In general, if a topographic break in the profile of the lateral transect was 1-2 m 
from the steam (such as a near bank levee or floodplain terrace), effect sizes remained 
near 100% aquatic from the bank up to the leading edge of the topographic break, and 
only began to decline on the other side of the bank, terrace, or levee. In contrast, at sites 
with levees that were offset from the bank by several meters or more, effect sizes 
decreased from the water’s edge to just before the levee according to a typical negative 
power curve, then spiked by an average of 200% at the levee edge (above their model-
expected value for that distance), and subsequently decreased again by a power law 
beyond the levee (Fig. III-4). Notably, this was the case even for levees offset by > 100 m 
from the banks, such as on the Danube River in Gornje Podunavlje Special Nature 
Reserve in Serbia (Fig. III-5). As a result of these discontinuities in the decay curve, 
stream signatures for levees and terraces had larger stream signatures than for more 
gradual banks (Table III-5). In essence, these topographic breaks in the profile of the 
lateral transect served to facilitate the incorporation of aquatic energy into terrestrial food 
webs to some extent, actually extending the detectable distance of a stream signature 
even farther into the terrestrial landscape. 
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 Similar to levees, boundaries in terrestrial vegetation at the boundary between 
more sparse riparian vegetation to dense forest acted as a barrier that concentrated adult 
aquatic invertebrates (Fig. III-2). As with the topographic breaks, these forest boundaries 
had a strong effect on terrestrial predator abundance*biomass and on isotopic food web 
results, both of which suggested that terrestrial arthropod predators capitalized heavily on 
the amplified aquatic subsidy resources at these locations. The effect of these forest 
boundaries was often very large (Fig. III-3) and was consistent across all sites with sharp 
riparian–upland forest transitions (which accounted for ~ 1/2 of the sites in the dataset, 
Appendix C: Table C1). In fact, the forest boundary effect was so strong that samples 
collected at or beyond the forest edge had to be precluded from stream signature 
calculations, as leaving these data in the analysis would often have resulted in a non-
decay or even positive increase in effect size with distance from the stream edge, 
undermining the stream signature method. As such, the overall stream signature values 
reported here should probably be viewed as conservative underestimates of the true 
distance at which aquatic subsidies can be important in terrestrial food webs. Certainly, 
the data suggest that aquatic subsidies are an important component of food webs at the 
forest boundary, which was often 100 m or more away from the stream. 
 The influence of forest edges as boundaries for dispersal has been suggested for 
other organisms, such as small rodents and seeds (Cadenasso and Pickett 2001, 
Cadenasso et al. 2004); however, to our knowledge, no studies have shown that forest 
boundaries act as a barrier to the transmission of adult aquatic macroinvertebrates. 
Especially for weak flying adult macroinvertebrates that may be at least partially wind-
dispersed (Muehlbauer et al. In Review), the analogy to passive seed dispersal may be 
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particularly apt. However, regardless of flight ability, the presence of a densely-vegetated 
forest likely serves at least to slow insect dispersal and puts them in closer contact with 
vegetation, making them more prone to predation by non-flying predators such as the 
spiders and beetles. 
 Inasmuch as these vegetated boundaries provide habitat for all 3 predator 
arthropod taxa that were the focus of this study (particularly in providing habitat for 
webbed spiders, which were far less common at locations lacking dense vegetation), the 
observation of higher abundance and biomass of predators at the forest boundary relative 
to an adjacent riparian zone a few meters away is not unexpected. The apparent reliance 
of these predators on aquatic subsidies at or near the “100% aquatic” effect size is 
somewhat surprising, however, at least until the density of adult aquatic 
macroinvertebrates sampled at these locations is taken into account. For adult aquatic 
insect population biology, the light trap data suggest that this forest boundary may be at 
least partially reflective (Strayer et al. 2003); serving as the farthest distance that these 
insects disperse into the terrestrial landscape prior to stopping, slowing, or turning back 
toward the stream, which would explain their high concentrations at these forest edges. . 
For food webs, however, it seems that riparian–forest edges function similarly to banks at 
the water’s edge in terms of spatial subsidy transmission dynamics: they are semi-
permeable (i.e., "partially transmissive", Strayer et al. 2003) concentration zones of large 
magnitudes of aquatic subsidy resources, which decline rapidly beyond the boundary 
(Muehlbauer et al. In Review). At both the river–land and riparian–upland forest 
boundary, this leads to negative power decay curves in the importance of the aquatic 
subsidy to terrestrial food webs with increasing distance from the edge. Indeed, given the 
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similar aquatic adult macroinvertebrate densities, predator abundance*biomass, and 
stable isotope results obtained between the water’s edge and the forest boundary, the 
presence of a vegetated boundary in the profile of the lateral transect seems to reset the 
stream signature, effectively re-starting the decay de novo at the forest edge (Fig. III-2). 
Importance of floodplains and riparian zones 
 Floodplains and riparian zones mediate a wide range of interactions between 
stream or river and upland or hillslope ecosystems (Gregory et al. 1991, Sparks 1995, 
Richards et al. 2002). This study has also underscored the importance of floodplain and 
riparian zones, albeit in a sidelong way. In the absence of a distinct transition between 
more open floodplain or riparian vegetation and more dense upland forest, stream 
subsidies were highly important to terrestrial food webs near the bank, and declined 
predictably with increasing distance away from the stream. In contrast, when streams are 
first bordered by floodplains or open riparian zones and then transition noticeably to 
upland forest at some distance from the stream bank, 2 “hotlines” of high subsidy 
magnitude are created that extend longitudinally (i.e., parallel) to the stream channel (Fig. 
III-9). As in sites with no sharp transition in vegetation, the first “hotline” is at the 
water’s edge. However, in these distinct floodplain/riparian zone sites, a second high 
magnitude strip of subsidy transmission unexpectedly occurs at the upland forest 
transition, often on the order of 100 m or more away from the stream. This landscape and 
vegetation structure allows the persistence of 2 similar, yet spatially distinct communities 
of arthropod predators, both of which rely heavily on aquatic resources, yet only one of 
which is actually located near the emergent subsidy source. Presumably, these 
communities—while functionally similar—have adopted different strategies for resource 
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acquisition: in the first case, predatory arthropods near the stream capitalize upon stream 
subsidies (adult macroinvertebrate insects) immediately upon their emergence from the 
stream. In contrast, predators at the forest boundary rely upon the same subsidy source 
but access it later, during the dispersal phase of adult aquatic macroinvertebrate life 
history. Without the intervening floodplain/riparian zone and the subsequent sharp 
transition to upland vegetation that concentrates these dispersing subsidy resources, only 
one such distinct predator community (i.e., the community at the stream) is supported in 
space. 
Conclusions 
 The purpose of this research was auspiciously to document the distance that 
aquatic subsidies penetrated into the terrestrial landscape, and to examine how these 
stream signatures in terrestrial food webs were affected by stream and floodplain 
hydrogeomorphic conditions. We found that, conservatively, a 10% aquatic signal (the 
90% stream signature) could still be found in arthropod predator food webs ~ 100-300 m 
away from the studied streams. However, in all cases, hydrogeomorphic conditions 
turned out to be less important in affecting stream signatures than predicted. In the case 
of channel geomorphology, a stream signature effect was non-existent. For stream order, 
the stream signature effect was most easily explained by considering terrestrial vegetation 
conditions that co-varied with stream size rather than considering stream order in and of 
itself. For example, dense vegetation can completely envelope small streams, and seems 
to act as a relatively impermeable boundary to subsidy transmission. Finally, topographic 
breaks such as levees did affect the stream signature, but their influence on the stream 
signature was less substantial than the effect of vegetation boundaries between riparian 
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zones and upland forests. We conclude that hydrogeomorphic conditions are generally 
important to consider in determining the distance that riverine subsidies will travel 
laterally into food webs in the terrestrial landscape, but that terrestrial biological 
conditions tend to have a greater influence on these dynamics. In particular, transitions 
from more open riparian vegetation to dense upland forest had a very strong effect on 
subsidy transmission, such that the magnitude and importance of an aquatic subsidy at the 
forest boundary was often as important as at the water’s edge, and followed a similar 
pattern of decay with increasing distance into the forest beyond this boundary. In terms of 
computing a stream signature for terrestrial food webs, the true decay curve may often 
begin not at the channel banks, but at the forest boundary. This was corroborated by 
stable isotope, predator attraction, and adult aquatic macroinvertebrate density data, 
which were all reset at this vegetation border. Streams are most often defined by 
hydrogeomorphic measures, such as the boundary between surface water and land, or the 
location of channel banks; our results suggest that, for food webs, a more useful stream 
boundary may actually be the edge of the forest, rather than the water’s edge. 
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SUPPLEMENTAL MATERIAL 
APPENDIX C. Site descriptions and arthropod group designations used in this study. 
APPENDIX D. Model comparison tables and regression coefficients for parameters 
included in the best, overall stream signature prediction models for predator 
attraction and food webs. 
 
SUPPLEMENT 2. Subsidy–distance decay data for the predator attraction 
(abundance*biomass) effect at all sites sampled in this study. 
 
SUPPLEMENT 3. Subsidy–distance decay data for the food web (stable isotope portion 
aquatic) effect at all sites sampled in this study. 
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TABLES 
TABLE III-1. Sites that did not fit a subsidy–distance decay curve for either negative 
linear, exponential, or power functions, grouped by stream order. 
  
Stream 
order 
Number 
of sites 
Non-
decaying 
sites 
Percent of all 
non-decaying 
sites 
Predator attraction 1–2 12 9 (75%) 56% 
 
3–4 9 3 (33%) 19% 
 
5–6 9 1 (11%) 6% 
 
7+ 16 3 (19%) 19% 
  Total 46 16 (35%) 100% 
Food web 
(isotopes) 1–2 8 3 (38%) 33% 
 
3–4 5 0 (0%) 0% 
 
5–6 7 2 (29%) 22% 
 
7+ 12 4 (33%) 44% 
  Total 32 9 (28%) 100% 
93 
TABLE III-2. Model AIC values for the 3 candidate model functions, for both predator 
attraction (abundance*biomass) and food web (stable isotope portion aquatic) 
data. Models contained only distance as an explanatory variable. Delta (∆i) values 
are the difference in AICc between a given model and the model with the lowest 
AICc value, and weights are a measure of the relative attention that each model 
should receive in further analysis, based on ∆i values. 
    AICc ∆i Weight 
Predator attraction 
 
  
 
Linear 87.66 1054.95 0.0000 
 
Exponential -921.09 46.20 0.0000 
 
Power -967.29 0.00 1.0000 
Food web (isotopes) 
 
  
 
Linear 164.73 32.11 0.0000 
 
Exponential 150.82 18.20 0.0001 
  Power 132.62 0.00 0.9999 
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TABLE III-3. Explanatory variables added individually to predator attraction 
(abundance*biomass) models, with their fits compared using AIC. Likelihood 
ratio test results, p-values, and degrees of freedom are from comparisons of a 
given model vs. the base (distance only) model with no other predictors. 
Significant p-values are in bold. Asterisk (*) and plus (+) symbols indicate 
variables added to both the model slope and intercept or to the intercept only, 
respectively. 
Parameter AICc 
Likelihood 
ratio p df 
+ Channel geomorphology 1801.12 3.83 0.2802 7 
+ Upland vegetation 1800.14 0.74 0.3911 5 
+ Floodplain vegetation 1799.69 3.23 0.1993 6 
Distance only (base model) 1798.85 NA NA 4 
+ Stream order 1798.59 6.36 0.0952 7 
+ Channel width 1797.8 3.07 0.0796 5 
+ Bank type 1797.11 7.85 0.0493 7 
* Study region 1797.02 14.09 0.0287 10 
* Predator group 1754.53 52.47 < 0.0001 8 
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TABLE III-4. Explanatory variables added individually to food web (stable isotope percent 
aquatic) models, with their fits compared using AIC. Likelihood ratio test results, 
p-values, and degrees of freedom are from comparisons of a given model vs. the 
base (distance only) model with no other predictors. Significant p-values are in 
bold. Asterisk (*) and plus (+) symbols indicate variables added to both the model 
slope and intercept or to the intercept only, respectively. 
Parameter AICc 
Likelihood 
ratio p df 
+ Channel geomorphology 663.99 4.48 0.2145 7 
+ Upland vegetation 663.68 0.57 0.4505 5 
+ Predator group 662.02 4.33 0.1149 6 
Distance only (base model) 662.16 NA NA 4 
+ Bank type 661.34 5.01 0.0818 6 
+ Stream order 660.78 7.69 0.0529 7 
+ Study region 657.32 6.93 0.0085 5 
+ Floodplain vegetation 657.10 9.25 0.0098 6 
+ Channel width 656.66 7.59 0.0059 5 
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TABLE III-5. Stream signatures at the 50% and 90% level for various categories of the 
explanatory variables, for both predator attraction and food web datasets, based 
on multilevel, mixed-effects models. 
    
Predator 
attraction   
Food web 
(isotopes) 
Conditions 50% 90%   50% 90% 
Overall 0.00 84.21 
 
0.56 321.98 
Study region 
     
 
Tagliamento 0.00 30.26 
 
0.41 240.24 
 
Coweeta 0.00 97.88 
 
NA NA 
 
Elbe 0.07 139.88 
 
NA NA 
 
Danube 0.01 252.35 
 
5.24 2108.28 
Stream order 
     
 
1–2 0.00 3.16 
 
0.13 77.98 
 
3–4 0.00 128.40 
 
0.81 482.32 
 
5–6 0.00 89.40 
 
0.98 584.51 
 
7+ 0.00 140.28 
 
1.02 607.15 
Bank type 
     
 
Gradual 0.00 23.85 
 
0.37 245.68 
 
Steep 0.00 44.88 
 
0.25 161.46 
 
Terrace 0.00 365.64 
 
1.46 960.17 
 
Levee 0.00 333.54 
 
NA NA 
Floodplain 
vegetation 
     
 
Barren NA NA 
 
1.41 797.83 
 
Understory NA NA 
 
0.43 241.82 
 
Overstory NA NA 
 
0.15 82.19 
Predator group 
     
 
Beetles 0.00 10.03 
 
NA NA 
 
Hunting spiders 0.01 114.23 
 
NA NA 
  Webbed spiders 0.00 272.53   NA NA 
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FIGURE LEGENDS 
PLATE III-1. Photos from 3 of the sites used in this study: a densely-vegetated headwater 
stream in Coweeta (A), the braided Tagliamento River (B), and a ship passing by 
a point bar site on the Elbe River (C). 
 
FIG. III-1. Predicted subsidy–distance decay curves under normal conditions (A) and at 
sites with topographic breaks (B). Dotted gray lines represent conceptual channel 
cross sections. 
 
FIG. III-2. Generic depiction of observed subsidy–distane decay curves at sites without a 
distinct topographic or vegetated break (A), at sites with a topopgraphic break 
such as a levee (B), and at sites with abrupt transitions from riparian to upland 
forest (C). Dotted gray lines represent conceptual channel cross sections. Inset 
figures in the upper right corner of each panel represent a priori predictions for the 
decay curves. 
 
FIG. III-3. Predator attraction (abundance*biomass) subsidy–distance decay curves for 2 
sites separated by ~ 8 km on the Tagliamento River (NE Italy). The first site (A) 
does not have a sharp, visible transition from riparian to upland vegetation; the 
second site (B) had an abrupt transition to upland forest vegetation at ~ 130 m 
(depicted by the dashed line). The photograph (C) is taken at an oblique angle to 
the transect plotted in (B), and depicts the riparian–upland vegetation shift. 
Arrows connect topographic features between B and C. 
 
FIG. III-4. Predator attraction (abundance*biomass) subsidy–distance decay curve for a 
levee site on the Resia River (NE Italy). The bottom of the levee was located ~ 8 
m from the water’s edge. 
 
FIG. III-5. Food web (stable isotope) subsidy–distance decay curve for a site with a large 
offset levee on the Danube River in Gornje Podunavlje Special Nature Reserve, 
Serbia. The vertical dotted and dashed lines represent the loctaion of the base of 
the ~ 10 m tall levee and the beginning of the upland forest zone, respectively. 
 
FIG. III-6. Example study sites where subsidy–distance decay curves to computer stream 
signatures could not be fit (A, C), contrasted with sites with similar conditions 
where curves were fit (B, D). In order from A–D, sites are as follows: the right 
bank of RESI4; a headwater stream site in the Resia River watershed in NE Italy; 
the left bank of RESI2, another headwater stream in the Resia River watershed in 
NE Italy; the left bank of DSRB4, on the large Danube River in Gornje 
Podunavlje Special Nature Reserve, Serbia; and the left bank of SAVA1, on the 
large Sava River in Obeska Bara Special Nature Reserve, Serbia. Panels A and B 
are based on stable isotope data; C and D are based on predator 
abundance*biomass data. 
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FIG. III-7. Food web (stable isotope) subsidy–distance data (A) and the channel cross 
section (B) for a braided channel geomorphology site on the Tagliamento River 
(NE Italy). Vertical dashed lines in (A) indicate the water’s edge of the true 
(water–terrestrial landscape) banks; the horizontal dotted line in (B) approximates 
the water level. The solid line in (A) is a lowess-fitted curve. Note the presence of 
a ~ 3.5 m-high wall near the bank on the right bank of the cross section. 
 
FIG. III-8. Abundance*biomass of adult macroinvertebrate samples collected at the 
farthest sampling distance from the stream at each site during night sampling with 
light traps, expressed as a percentage relative to the abundance*biomass caught in 
traps at the water’s edge. Sites are grouped according to whether they had distinct 
breaks between riparian and upland vegetation. Bold horizontal lines are median 
values, box edges are 25 and 75th percentiles, and line segment edges are 10 and 
90th percentiles. 
 
FIG. III-9. Conceptual figure of “hotlines” of subsidy importance with distance from the 
stream, with zones of particular importane near the stream bank and also at the 
streamside edge of the riparian–upland forest transition. Darker areas indicate 
longitudinal zones where aquatic subsidies are more quantitatively important to 
terrestrial food webs.
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 Chapter IV: 
Interplay of temporal succession and island biogeography in a braided river as a 
flood decouples a major aquatic–terrestrial subsidy 
Abstract 
 In this study, we leverage the unique aspects of a braided river to study temporal 
succession, colonization patterns related to island biogeographical processes, and subsidy 
dynamics after a large, channel-forming flood. For one month following flooding, we 
sampled aquatic macroinvertebrate communities and adjacent, aquatic-subsidy-
dependent, near-bank terrestrial communities at 7 locations across 4 channel braid islands 
a total of 7 times. We found that channel braids functioned well according to the dispersal 
and colonization tenets of island biogeographical theory, with lower species immigration 
rates and equilibrium points at braids farther from vegetated flood refugia. The 
numerically-dominant taxa on braid banks also showed an isolation effect, whereby a 
smaller, more mobile ground beetle taxon initially dominated but was ultimately replaced 
by a larger wolf spider taxon, with the time for this shift to occur taking longer with 
increased braid isolation. Community-wide successional patterns in the terrestrial 
community were clear and terrestrial recovery was rapid, yet the aquatic community was 
still in the early stages of recovery by the end of the study. Further, terrestrial abundance 
and biomass at sites decreased over the course of the study, even as aquatic abundance 
and biomass and terrestrial individual organism size increased. From these multiple lines 
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of evidence, we infer that this flood at least temporarily decoupled the strong river-to-
land subsidy pathway normally present at this site, as terrestrial taxa could not rely on 
scarce aquatic resources and instead began feeding on other terrestrial arthropods via 
intraguild predation. We conclude that the combination of succession, island 
biogeography, and other ecological theory can highlight and explain otherwise 
unexpected ecological patterns, that disturbances can have unexpected effects on subsidy-
interdependent communities, and that braided rivers can be ideal ecosystems for testing 
ecological theory at the intersection of spatial and temporal colonization processes. 
Key words: Flood disturbance; island biogeography; succession; subsidies; riparian 
arthropods; aquatic macroinvertebrates  
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INTRODUCTION 
 Temporal succession (here sensu Odum 1969) and island biogeography 
(MacArthur and Wilson 1963, 1967) are 2 of the most influential concepts in ecology. 
Here, succession is considered as the characterization of ecological community patterns 
after large, habitat-affecting disturbances, while island biogeography explains how 
species assembly and richness dynamic equilibria differ according to the size of an 
ecosystem and its distance from source populations. In the broad sense used here, 
succession concerns community colonization over time while island biogeography affects 
colonization patterns in space. Although they are generally considered as distinct, most 
ecosystems affected by island biogeographical patterns should also exhibit some patterns 
of temporal succession (Whittaker 2000). In fact, the oversight of successional patterns 
has been a source of criticism in neutral island biogeography models (Diamond 1975, 
Bush and Whittaker 1991), and has played a part in engendering the acrimonious debate 
over assembly rules and null models in ecology (Connor and Simberloff 1979, Gilpin and 
Diamond 1984). This dispute aside, an explicit combination of these 2 areas of ecological 
research may advance our understanding of community responses to large disturbance 
events in a spatiotemporally-explicit fashion; however, the 2 concepts are rarely explored 
in tandem in ecological studies (Whittaker 2000). 
 Succession is likely to be particularly relevant in understanding species patterns 
on islands affected by disturbance and where community recovery processes are 
occurring (Whittaker 1995). For example, large hurricanes on Caribbean islands initiate 
new patterns of succession, (Walker et al. 1991). Similarly, studies of succession on 
Krakatau post-volcanic eruption have yielded insights into the relevance of both 
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stochastic and deterministic effects on community structure (Ward and Thornton 2000). 
Arguably, however, some of the most appealing disturbances available for ecological 
study can be found in streams, where the periodicity of large floods frequently recreates a 
template for aquatic macroinvertebrate community recovery and succession in real-time 
and on a temporal and spatial scale amenable for study (Fisher 1983); indeed, the study of 
disturbance and succession has a long, active history in streams and rivers (Fisher et al. 
1982, Resh et al. 1988).  
 There is potential to use island biogeographical theory in streams as well, such as 
in explaining aquatic macroinvertebrate richness on streambed rocks of different sizes 
(Minshall et al. 1985) or highlighting species compositional differences between streams 
of different sizes at varying distances from one another (Campbell and McIntosh 2013). 
Very few studies have capitalized on potential island biogeographical patterns in streams 
after a disturbance though (Gore and Milner 1990). These few studies have used patches 
of spatially-heterogeneous, preferred substrate as “islands” and observed 
macroinvertebrate re-colonization with distance from an un-impacted areas (Gore 1982, 
Minshall et al. 1983). Further, to our knowledge, the simultaneous, effects of 
successional patterns and island biogeographical processes have not been explicitly 
coupled in any of these stream studies. Again, because streams and rivers are particularly 
amenable to studies of succession, streams in which island biogeographical study are also 
possible may yield interesting combined insights, which can potentially offer a more 
nuanced understanding of community recovery post-disturbance that is applicable to 
broader ecological science. 
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 Braided rivers offer one such opportunity for studying the interplay of 
successional patterns and island biogeographical processes. Braided river morphology is 
maintained by periodic, large floods, which continually initiate community primary and 
secondary succession as braid habitats newly appear, disappear entirely, or are 
reorganized with subsequent flood events. Further, the individual braids of land separated 
by water-filled channels can literally be thought of as islands (Tockner et al. 2003). 
Although they are not well-suited for all aspects of island biogeographical theory 
(questions related to ecosystem size are particularly intractable, Post et al. 2007), they can 
nonetheless be useful in understanding community assembly with isolation. If riparian 
colonists must emigrate post-flood from refugia outside of the active floodplain corridor, 
then braid distance from this refugia could be expected to affect species richness 
equilibria in a predictable, island biogeographical fashion. 
 Many studies of island biogeographical theory rely on artificial manipulations 
(e.g., Wilson and Simberloff 1969). Braided rivers, in contrast, offer a fairly unique 
opportunity to study ecological processes in a more natural context (Fisher 1983) and to 
utilize disturbances for which communities actually have an adapted response. Similarly, 
primary succession patterns in most ecosystems are difficult to observe, and generally 
require space-for-time substitutions (e.g., Milner et al. 2011), or highly stochastic events 
such as volcanic eruptions (e.g., Wood and del Moral 1987). The creation of new habitat 
islands via deposition and reorganization of fresh substrate on nascent channel braids 
during large, channel-forming floods on braided rivers provides a fresh substrate for 
colonization of nascent habitats. This is more closely akin to primary than secondary 
succession and—pragmatically for ecological study—can be measured on realistic human 
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timescales and can be expected to re-occur frequently (every ~2 years, in this case). 
Braided rivers, in short, can provide excellent cases studies for testing and refining 
ecological theory relevant to island biogeography and temporal succession in a natural 
experimental setting. 
 In addition to providing a template for studying the interplay of island 
biogeographical processes and successional patterns, braided rivers also may be useful in 
understanding the coupled response of subsidy donor and recipient ecosystems to a 
disturbance. Aquatic and terrestrial riparian communities are intricately linked by energy 
subsidies in riverine ecosystems in general (Nakano and Murakami 2001, Paetzold and 
Tockner 2005), and in braided rivers such as the Italian piedmont Tagliamento River 
specifically (Tockner et al. 2003). In such ecosystems, aquatic macroinvertebrates 
provide an important subsidy to terrestrial food webs and can be the predominant food 
source for near-bank arthropod predators (Paetzold et al. 2005). Thus, re-colonization 
patterns of the terrestrial predator community could be expected to depend on the rate of 
aquatic macroinvertebrate community recovery and the abundance or density of this prey 
resource at a site. However, in spite of the attention devoted to in-stream, post-flood 
recovery (Resh et al. 1988), little is known about the patterns of succession and recovery 
in terrestrial, subsidy-dependent communities immediately beyond the channel boundary. 
While some studies have assessed terrestrial animal responses to overbank flooding, 
particularly in terms of flood frequency (e.g., Uetz et al. 1979, Perotto-Baldivieso et al. 
2011), they generally consider floods as disruptive to habitat and do not consider how 
flooding may impact terrestrial succession or how terrestrial recovery may be affected by 
subsidy dynamics from a similarly-recovering aquatic community. 
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 In this study, we examined community recovery and primary succession in both 
aquatic and subsidy-dependent, near-bank terrestrial arthropod communities along a 
braided river after a large flash flood. Channel braids were oriented parallel with respect 
to one another such that each successive braid was incrementally farther away from the 
zone of primary flood refugia. Thus, we were also able to monitor reassembly of these 
communities through the lens of island biogeographical theory. Our sampling strategy 
was designed to examine the following 3 broad hypotheses: 1) Community succession in 
the bank-side arthropod community would follow a predictable pattern through time. For 
example, highly motile, smaller species would re-colonize first (e.g., ground beetles, 
Carabidae), followed by larger, less motile species (e.g., wolf spiders, Lycosidae), and so 
on. 2) The rate of bank-side community recovery would be controlled by island 
biogeographical processes in the sense that channel braids that are farther (more isolated) 
from vegetated primary refugia would be re-colonized more slowly than those that are 
closer to the un-flooded vegetation. Further, we expected that farther braids would 
experience a longer time lag between the establishment of small, highly motile species 
and larger, less motile taxa. 3) Because the bank-side, terrestrial arthropod predator 
community relies upon aquatic resources for the majority of its energy, recovery of this 
community would be strongly dependent on and would lag somewhat behind aquatic 
community recovery. 
METHODS 
Site description and disturbance event 
 This study was carried out near the town of Pinzano on a piedmont reach of the 
Tagliamento River, a 7th order, braided, gravel/cobble-bed river in northeast Italy. The 
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Tagliamento River has been called a “reference river” for alpine systems (Ward et al. 
1999) because its flow is largely unregulated and its catchment is relatively pristine 
(Tockner et al. 2003). As such, the river maintains conditions that were present on many 
large, gravel-bedded rivers prior to widespread hydrological regulation, including braided 
geomorphology and a snowmelt and rainfall-driven hydrograph with frequent, large-scale 
flood events. 
 One such disturbance event occurred on the night of 18 June, 2011 when a severe 
rainstorm caused a ~2-year return interval, bankfull-exceeding flood on the Tagliamento 
River, which did not return to near baseflow levels (i.e., confinement within channel 
braids) until the late afternoon of 21 June. As a result of this flood, channel braids were 
either newly created or were reformed via sediment scour and deposition (Plate IV-1). 
This study began immediately after flood waters receded below bankfull levels (day 0, 19 
June) and continued for 27 d until a smaller, ~7 times-per-year flood overbanked 
channels and washed out traps on the evening of 16 July. 
 The terrestrial substrate in the active corridor of the Tagliamento is cobble and 
gravel, with little to no emergent vegetation (Plate IV-1). As such, the faunal community 
in these near-river areas is dominated by predators; mostly invertebrates such as 
centipedes (Chilopoda), spiders (Lycosidae) and beetles (Carabidae and Staphylinidae, 
Paetzold and Tockner 2005). Higher-order vertebrate taxa are rare; thus, with the possible 
exception of toads (Indermaur et al. 2009), inter-guild predation on these arthropod 
groups is likely low. These invertebrate predators rely heavily on resource subsidies 
(sensu Polis et al. 1997) from the river itself (Paetzold et al. 2005) and are often observed 
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foraging at the bank or even briefly swimming or skimming on floating algal mats near 
the water surface (J. D. Muehlbauer, personal observation). 
 Although some terrestrial arthropod taxa are capable of escaping to the subsurface 
or hyporheic zone during small spates (Langhans 2006) and surviving prolonged 
immersion in water (e.g., Tufová and Tuf 2005), this strategy would have been 
ineffective for this particular flood. Calculations of the shear stress force and visual 
observations from this flood indicate that bed sediment mobilization was substantial and 
thus arthropods hiding in the substrate were likely washed away or crushed by 
transported sediment (Plate IV-1, Appendix E). Indeed, very few terrestrial arthropods 
were found near the surface on any banks during cursory investigation when exposed 
braids began to reappear on the morning of 21 June. Therefore, terrestrial animal re-
colonization had to occur primarily from un-flooded areas; namely, vegetated refugia to 
the north and west of the study reach, which was situated on a north-south axis 
(Appendix F: Fig. F1).  
 Four channel braids were monitored in this study, along 2 transects separated by 
~150 m (Appendix F: Fig. F1). Both transects ran roughly perpendicular to the primary 
zone of vegetated refugia. The distance from primary refugia to the center of the channel 
braid was 19, 131, 242, and 307 m for sites labeled hereafter as “Near,” “Mid-near,” 
“Mid-far,” and “Far,” respectively. 
Arthropod sampling 
 A series of pitfall traps were deployed in the late afternoon of 21 June in order to 
assess re-colonization of bank-side arthropods. Traps consisted of 100 ml polypropylene 
sample cups filled with 50 ml of ~50% ethylene glycol solution and trace surfactant, dug 
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level to the ground surface. Ten traps were installed within 1 m of the water’s edge, 1–2 
m apart on a total of 14 banks across the 4 unique channel braids, yielding a total of 140 
traps (Appendix F: Fig. F1). Preserved arthropods were collected from the traps on 7 
occasions: 2, 4, 8, 10, 13, 18, and 27 d post-flooding, yielding 980 potential samples and 
9538 individual arthropods. Repeat sampling disturbance to pitfall traps was minimized 
by removing preserved arthropods from the pitfall traps with forceps rather than 
removing the trap itself, allowing the traps to remain in the ground for the duration of the 
study. Following collection, arthropods were identified to the lowest practicable level 
(mostly Genus or species) using regional keys and species lists (e.g., Langhans 2006), 
then dried at 60 °C for 48 hours and weighed for biomass. 
 Aquatic macroinvertebrate samples were taken in the zone accessible to sampled 
bank-side predators, ≤ 2 m from the bank in the stream reach parallel to the 20-m 
longitudinal extent of each pitfall trap field. All samples were taken using a 0.1 m2 
Surber sampler, and a new sampling area within the reach was randomly chosen for every 
collection event to avoid repeat sampling effects. As with terrestrial arthropods, the 
aquatic community was sampled 7 times, generally 1 d after pitfall trap collection at 3, 5, 
9, 11, 14, 20, and 27 d post-flooding (98 potential samples, yielding 11945 arthropods), 
and individuals were subsequently identified (using, e.g., Campaioli et al. 1994), dried, 
and weighed. 
Basal resource assessment 
 Algal colonization tiles were deployed concomitantly with pitfall trap installation 
in order to understand if aquatic macroinvertebrate recovery was driven by basal resource 
availability, which could, in turn, drive terrestrial predator community recovery. Algal 
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biomass quantification was ultimately precluded as a result of repeated instances of 
desiccation, rolling by waves, or human removal/destruction of many tiles. Nonetheless, 
qualitative visual estimates of algal colonization, species composition, and density 
remained possible, and were recorded during every terrestrial or aquatic invertebrate 
sampling event. Allochthonous resources were not quantitatively sampled in this study. 
However, organic detritus deposition in the aquatic, near-bank ecosystem was minimal 
over the course of the study (P. A. Clay unpublished data), whereas high densities of 
macroinvertebrates were routinely found feeding on submerged periphyton (J. D. 
Muehlbauer, personal observation). 
Community analysis 
 Community re-colonization patterns were analyzed using ordination and 
regression approaches, all within the R statistical software package (R Development Core 
Team 2012). Ordination analysis was carried out using the R package vegan (Oksanen et 
al. 2012), and differences between ordination groups were tested using permutational 
MANOVA (Anderson 2001) and multivariate homogeneity of group dispersion tests 
(Anderson 2006). Regression analysis was carried out using mixed effects models with 
channel braid site as a random intercept (sensu Muehlbauer and Doyle 2012) or using 
simple linear models as appropriate, and were analyzed using t-tests or ANCOVA. 
Immigration and extinction rates were calculated according to the procedure developed 
by Williams and Hynes (1977). 
RESULTS 
 From an ordination perspective, an island biogeographical response should appear 
as a shift in the mean community centroid with increasing distance from the “mainland” 
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source, as dispersal ability acts as a filter that incrementally affects the mean community 
composition with increasing island isolation (Fig. IV-1B). Community dispersion 
(variability between samples, or beta diversity, Anderson et al. 2006) may also be 
projected to increase as community assembly on more isolated islands becomes more 
stochastic. In this study, both aquatic and terrestrial community ordinations both showed 
patterns that follow from island biogeographical theory (Fig. IV-1D, F). The difference 
between groups was significant for both ordinations based on permutational MANOVA 
tests (Appendix G: Table G1). Aquatic communities across the 4 braids also showed a 
significant difference in dispersion, which was driven largely by increased dispersion at 
the 3 other sites relative to the Near site (Appendix G: Table G2). There were no 
significant differences in dispersion between sites for the terrestrial samples. 
 Terrestrial arthropod immigration rates were higher at sites nearer the primary 
zone of refugia (Fig. IV-2). When compared against number of species (as in the classic 
figure from MacArthur and Wilson 1967) rates were best modeled by a negative linear 
function, rather than an exponential decay function (Appendix G: Table G3). ANCOVA 
tests indicate that the regression lines from the 4 site immigration-species curves differed 
significantly from one another. The equilibrium point between species immigration and 
extinction was also higher at the less isolated sites: ~39, 37, 33, and 31 species at Near, 
Mid-near, Mid-far, and Far sites, respectively. 
 Dominance in the terrestrial predator community (in terms of abundance) shifted 
over the course of the study (Fig. IV-3). Immediately post-flood, the numerically-
dominant predator in the terrestrial community was the ground beetle Bembidion 
(Carabidae). However, its relative abundance decreased significantly over time 
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(Appendix G: Table G4). Ultimately, Bembidion was supplanted by the wolf spider 
Pardosa (Lycosidae) as the numerically-dominant taxon, and Pardosa was the most 
abundant predator at all sites by last sampling date. In comparing the Near, Mid-near, and 
Mid-far sites, the number of days it took for this shift in relative dominance to occur 
increased with the site’s isolation from flood refugia, although such a pattern was not 
observed at the Far site where abundances of all taxa were very low for the first 2 weeks 
of the study. 
 As with communities affected by island biogeographical processes, temporal 
succession patterns should appear as a shift in community mean centroids in ordination 
space, this time along a time post-disturbance axis (Fig. IV-1A). After an initial period of 
fairly chaotic assembly, community composition should also stabilize with time, leading 
to a predicted decrease in dispersion. In this study, permutational MANOVA tests 
indicated significant differences in sample (days post-flood) communities in both the 
aquatic and terrestrial ordinations (Appendix G: Table G1). Homogeneity of dispersion 
tests also indicated a significant difference in dispersion between terrestrial sample 
groups, with dispersion generally decreasing over time, but no change in dispersion for 
aquatic groups (Appendix G: Table G2). There was clear pattern of succession in the 
terrestrial ordination; however, no such pattern could be discerned from the aquatic 
ordination with sample groups (Fig. IV-1C, E). 
 Cumulative species richness increased significantly over time for both aquatic and 
terrestrial samples, with the exception of the aquatic Near samples, which added no new 
species after the first sample (Fig. IV-4, Appendix G: Table G5). However, the terrestrial 
community increase was best fit by a log function in which few new taxa were added 
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after ~2 weeks post-flood (Appendix G: Table G3). The aquatic community, in contrast, 
could be fit as well by a linear function as by a log function, and did not visibly plateau at 
any point over the 27-day course of the study. 
 The biomass of individual organisms increased significantly over time in 
terrestrial samples, but aquatic samples did not grow significantly larger (Fig. IV-5, 
Appendix G: Table G5). In contrast, terrestrial average site abundance and biomass 
decreased significantly over time, yet they increased with time in 3 of the 4 aquatic sites. 
The Near aquatic site was anomalous from the remaining aquatic samples and decreased 
in site-averaged abundance and biomass over time.  Qualitatively, no aquatic algal 
biomass was visible at any of the 3 more isolated sites until ~20 d post-flood. At the Near 
site, in contrast, dense filamentous algal mats were present throughout the duration of the 
study. Algal growth was visible in all 4 river channels by the end of the study; however, 
densities at the other 3 sites was observed as a thin film on the cobble substrate and did 
not approach the density of the mats present at the Near site. 
DISCUSSION 
Interplay of island biogeographical processes and succession 
 Both aquatic and terrestrial communities re-colonized the 4 channel braid sites 
according to patterns consistent with island biogeographical theory. In ordination space, 
community centroids should move increasingly far from the Near site and community 
dispersion should increase with increasing isolation from flood refugia, and these patterns 
were generally supported by the data. In particular, the Near site was differentiated in 
terrestrial and particularly in the aquatic samples (Fig. IV-1). In aquatic samples, the Near 
site’s overall exceedingly high abundance and biomass that slowly returned to the levels 
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of the other sites over time (Fig. IV-5)—combined with a lack of any new species 
accumulation after the first sample (Fig. IV-4) and the presence of un-scoured, 
filamentous algal mats—indicate that this channel braid served as a depositional area for 
individuals entrained during the flood, resulting in artificially high abundances 
immediately post-flood. 
 Island biogeographical and successional patterns were also observed at the 
individual taxon level, as exemplified by the 2 numerically-dominant predator taxa in this 
study. The ground beetle Bembidion, a small organism (average biomass 1.96 mg) 
capable of flight, re-colonized quickly and was initially the dominant taxon in terrestrial 
samples. In contrast, Pardosa, the larger (average biomass = 4.27 mg), entirely ground-
dwelling wolf spider, re-colonized sites more slowly and yet eventually became the 
dominant taxon by the end of the study. The intersection of the regression lines for the 
relative abundance of these taxa over time (i.e., the point at which the spider became 
more abundant than the beetle) increased with distance from flood refugia, such that 
Pardosa became permanently more abundant that Bembidion after only 10 d at the Near 
site, while it took 15 and 24 d at the Mid-near and Mid-far sites, respectively. Thus, both 
succession (in the traditional sense of species displacement over time) and island 
biogeographical processes seem to be in play, whereby smaller taxa are initially dominant 
and are ultimately supplanted by larger, less-mobile taxa, which takes longer to occur at 
sites that are relatively more isolated. 
 Site species richness equilibria differed as a function of isolation, consistent with 
island biogeographical predictions (Fig. IV-2, sensu MacArthur and Wilson 1967). For 
terrestrial communities, immigration rates were unexpectedly fit best by a linear rather 
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than an exponential decay model. However, terrestrial cumulative richness curves did 
plateau via a log function similar to as observed in other arthropod island re-colonization 
studies (Fig. IV-4, Simberloff and Wilson 1970, Minshall et al. 1983, Minshall et al. 
1985). This was not clearly the case for aquatic site richness, which could be fit as well or 
better by a linear increase as by a log function (Appendix G: Table G3). Given that the 
biomass of the basal aquatic food resource—algal biomass—was substantially less than 
pre-flood levels by the end of this study, the long recovery time of the aquatic community 
is perhaps to be expected. In addition, whereas ordination results also clearly indicated 
the progression of succession in terrestrial samples (as a function of a change in centroid 
and decrease in dispersion), no such pattern was distinguishable for aquatic samples (Fig. 
IV-1). In essence, these data combined indicate that the terrestrial community began 
stabilizing ~2 weeks post-flood, yet aquatic recovery was ongoing after 27 days. 
 Aquatic community recovery might also be expected to take longer than terrestrial 
recovery based on different methods of re-colonization employed by taxa in these 
communities. Terrestrial taxa likely re-colonized mostly from the primary vegetated 
refugia, and their physical ability to progress from one braid to the next was impeded 
(albeit not stopped) only by surface water flowing through the braided channels. In 
contrast, aquatic taxa live in an environment of longitudinal advective forcing (i.e., 
downstream flow) that prevents much lateral movement from refugia without significant 
downstream translocation. Thus, the aquatic community’s ability to re-colonize laterally 
from the Near site refugia across channel braids would have been limited largely to 
oviposition by emergent adult females (Jackson and Fisher 1986) or deposition of 
entrained individuals from undocumented, low-scour areas of refugia upstream (Fisher et 
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al. 1982). More rapid immigration of individuals from within the study reach (rather than 
subsequent generations or individuals from upstream reaches) was therefore unlikely for 
the aquatic taxa, and their recovery at more isolated sites took longer than in the 
terrestrial community as a result. 
 Flood magnitude likely also played a role in the patterns observed in this study. 
Both terrestrial and aquatic communities are presumably adapted to the regular flooding 
that occurs at this site. Indeed, data collected ~100 m downstream of the study reach as 
part of another, more synoptic, study in 2010 indicate that terrestrial species richness 
equilibria varied between 22-39 taxa per braid (J.D. Muehlbauer, unpublished data). 
Terrestrial species site equilibria in the current study ranged from 31-39 taxa (Fig. IV-1), 
indicating that the community had recovered to pre-flood levels in less than the time of 
this study (1 month), which was—perhaps not surprisingly—less than the time between 
overbank floods.  
 In single-channel rivers, overbank floods affect habitat incrementally depending 
on their magnitude (Gerisch et al. 2012), and animals can escape more minor floods 
simply by migrating to higher floodplain elevations. In contrast, the active floodplain 
corridors of braided rivers often lack such topographic relief; the active corridor of the 
Tagliamento is largely flat, with only 0.5 m of total elevation change between the Far 
site’s bank edge and the vegetated refugia zone over 300 m away. Thus, for terrestrial 
arthropods in the active corridor of braided rivers, whether a flood is a community-level 
disturbance is probably fairly binary. In the first case, the flood remains within its banks 
(i.e., it does not flood the active corridor) and leaves terrestrial communities largely 
unaffected. Alternately, as in the case of the disturbances in this study, a flood is of 
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sufficient magnitude to exceed its bank, in which case the entire active corridor is flooded 
and individuals, having no high ground to retreat to, and are washed away. In spite of 
their periodicity, both the flood at the beginning and the end of this study would therefore 
be “catastrophic” (sensu Sabo and Post 2008), succession-resetting disturbances for the 
terrestrial community. 
 In contrast, aquatic communities generally have a more nuanced response to 
floods (Resh et al. 1988). For the aquatic community, the 2-year flood that began this 
study clearly was a disturbance event that initiated succession; however, a multiple-
times-per-year event such as the flood that ended this study at day 27 may well not have 
been a catastrophic disturbance for many aquatic macroinvertebrates, although it was 
sufficiently large to physically prevent our continued monitoring. In this way, individuals 
within the terrestrial community must be adapted to recover within the time span of any 
overbank flood (~1 month), while the aquatic community needs only be adapted to 
recover in the longer period of time between rare floods (>>1 month), which could 
explain why terrestrial and aquatic community recovery rates differed in this study. 
Decoupling the aquatic–terrestrial subsidy 
 Previous studies have underscored the importance of the river-to-land food web 
subsidies in this region of the Tagliamento River, specifically the dependence of riparian 
arthropod predators on aquatic macroinvertebrates (Paetzold et al. 2005). In this study, 
however, terrestrial community patterns unexpectedly did not track aquatic community 
recovery. Instead, community succession in ordination space was clear for terrestrial 
samples even though no such pattern could be discerned from the aquatic samples (Fig. 
IV-1), and terrestrial abundance and biomass peaked early in the study and decreased 
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thereafter even as aquatic community abundance and biomass increased with time post-
flood (Fig. IV-5). It appears, therefore, that the flood decoupled this typically-strong 
river-to-land subsidy; in the absence of aquatic prey within the first ~2 weeks post-flood, 
terrestrial predators either quickly emigrated out of the reach shortly after re-colonization 
(seemingly unlikely given their feeding strategies, local adaptation, and the spatial extent 
of the sample reach), or else perished. 
 Further, the individual biomass (average size) of terrestrial arthropods increased 
with time, seemingly in contradiction to the lack of prey resources available for 
consumption. Aquatic individual biomass did not exhibit a similar increase, suggesting 
that this size increase cannot be written off simply as uniform growth and instar molting 
over time. In terrestrial samples, this combination of a decrease in abundance and an 
increase in individual biomass suggests so-called intraguild predation (Polis et al. 1989), 
in this case whereby predatory arthropods begin eating other predatory arthropods in lieu 
of consuming the scarce aquatic subsidy resources that took longer to rebound post flood 
disturbance. This phenomenon would also help explain the shifts in numerical dominance 
observed between small beetles and larger spiders (Fig. IV-5). Bembidion ground beetles 
have been shown to obtain all of their energy from aquatic sources while Pardosa wolf 
spiders only derive 50% of their energy from aquatic subsidies (Paetzold et al. 2005), 
with the rest, presumably, coming from eating other near-bank predators such as 
Bembidion beetles. Over a span of less than 30 days, terrestrial succession on the 
Tagliamento seems to have progressed from obligate, aquatic subsidy-reliant predators 
that lacked the subsidy resource to persist, to more opportunistic taxa that were capable 
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of shifting facultatively from consuming a low-density subsidy resource to eating other 
terrestrial predators instead. 
Conclusion: braided rivers and ecological theory 
 This study has underscored the potential of large, braided rivers as ideal 
ecosystems for investigating several major ecological theories in tandem. The research 
reported here relied heavily on aspects of succession (Odum 1969), island biogeography 
(MacArthur and Wilson 1967), and food web subsidy theory (Polis et al. 1997) to 
describe observed patterns of flood recovery on spatially-isolated channel braids in both 
aquatic and subsidy-dependent terrestrial communities, while also implicating intraguild 
predation (Polis et al. 1989) as an explanatory mechanism for otherwise seemingly 
contradictory results. Although much has been made of all these topics individually, we 
believe this study is the first to investigate the interplay of all of them together. The 
tendency in ecological science is to interpret theory, such as those related to island 
biogeography and succession, as operating in isolation (Whittaker 2000). In reality 
though, ecosystems should not be expected to be affected by only one theory or one 
process; rather, many patterns in ecology are likely driven by processes related to 
multiple theories that are occurring simultaneously. We argue that braided rivers offer a 
unique opportunity for studying the confluence of such ecological theories operating in 
concert. As in this study, the combination of island biogeography, succession, subsidy, 
and intraguild predation theory provided a deeper understanding of ecosystem patterns 
concurrently affecting whole ecosystem response at several levels: from species 
interactions, to ecological community assembly, to inter-ecosystem dynamics. 
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SUPPLEMENTAL MATERIAL 
APPENDIX E. Calculation of shear stress to assess bed mobilization. 
APPENDIX F. Annotated photograph showing sampling locations used in this study. 
APPENDIX G. Significance tests for analyses described in this study. 
FIGURE LEGENDS 
PLATE IV-1. Oblique photographs of the study site pre-, during-, and post-flood, ~12 h 
before , ~12 h after, and 14 d after the flash flood peak (A–C, respectively). 
Community re-colonization occurred in general from the top right to the bottom 
left of photograph C, and the 4 channel braids are visible. Photo credit: Walter 
Bertoldi, University of Trento. 
 
FIG. IV-1. Arthropod community ordinations based on theoretical (A–B), aquatic (C–D), 
and terrestrial (E–F) communities. Communities are grouped by sample (number 
of days post-flood) in the left panels (A, C, E) to depict temporal succession, and 
by channel braid (isolation from flood refugia) in the right panels (B, D, F) to 
depict island biogeographical patterns. Theoretical ordinations (A–B) depict 
idealized community responses to temporal succession (A) and island 
biogeographical processes (B) for comparison with observed data, in terms of 
changes in both the community centroid (ellipse location) and dispersion (ellipse 
size). Inset axes between C–D and E–F represent variables fit to the aquatic and 
terrestrial ordinations, scaled to the strength of their correlation. Ellipses are based 
on the standard deviation of points within each group. 
 
FIG. IV-2. MacArthur-Wilson curves of species immigration (solid lines) and extinction 
(dashed lines) rates by richness, on channel braids at 4 levels of isolation 
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(distance) from flood refugia. The inset figure shows a close-up of the same data 
near the equilibrium points, which are ~39, 37, 33, and 31 species on Near, Mid-
near, Mid-far, and Far braids, respectively. Lines are smoothed lowess curves. 
 
FIG. IV-3. Relative abundance of the 2 numerically-dominant taxa in the terrestrial 
predator community: Bembidion ground beetles (Carabidae) and Pardosa wolf 
spiders (Lycosidae). Panels represent braids Near, Mid-near, Mid-far, and Far 
from refugia (A–D, respectively) Arrows in A–C indicate the day post-flood when 
smaller, winged Bembidion gave way to larger, non-winged Pardosa as the 
numerically-dominant taxon. 
 
FIG. IV-4. Cumulative richness over time for terrestrial and aquatic communities on each 
of the 4 braids. 
 
FIG. IV-5. Averages of arthropod biomass (A), site biomass (B), and site abundance (C) 
over time for the terrestrial and aquatic communities on each of the 4 braids. Inset 
figures in B and C include the same data on a larger y-axis, in order to allow high 
aquatic abundance and biomass data from the Near braid to be depicted.  
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Appendix B: 
Model comparison table and regression coefficients for parameters included in the 7 best, overall stream signature prediction 
models from Chapter II. 
TABLE B1. Model comparison table of the best models from a suite of candidates containing reasonable permutations of the 
explanatory variables (from Chapter II). Model inclusion in this table was based on ∆i < 4 (∆i = AICcmodel – AICcmin). β0 and β1 
values are the intercept and slope terms, respectively, in the negative power model of the form ln(response) = β0 + 
β1*ln(distance). Variables with * or + symbols are included in a given model as both additive and interaction terms 
(ln(distance) + variable +ln( distance)*variable), or as additive terms only, respectively. Model weight calculation included 
the entire suite of candidate models, so the values listed here do not add to 100%. 
 
Model β0 β1 
Study 
approach 
Study 
organism 
Aquatic 
productivity 
Stream 
width class 
Channel 
geomorphology 
Bank 
type df AICc ∆i 
Model 
weight 
1 -0.4056 -0.1189 * * *    22 808.06 0.00 0.1932 
2 -0.6162 -0.1822 * * * * *  36 808.44 0.38 0.1597 
3 -0.5307 -0.2181 * * * *   32 810.22 2.16 0.0657 
4 -0.3286 -0.1703 + * *    20 810.41 2.35 0.0598 
5 -0.3375 -0.1201 * * *   + 24 810.41 2.35 0.0597 
6 -0.7492 -0.1176 * * * +   27 811.17 3.11 0.0408 
7 -0.5068 -0.1800 * * * * * + 38 811.32 3.25 0.0380 
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TABLE B2. Regression coefficients for each parameter included in the 7 best predictive models listed in Table B1 (for Chapter II). β0 
and β1 values are the intercept and slope terms, respectively, in the negative power model of the form ln(response) = β0 + 
β1*ln(distance). Variables with * or + symbols are included in a given model as both additive and interaction terms 
(ln(distance) + variable +ln( distance)*variable), or as additive terms only, respectively. 
 
Parameter Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
β0 -0.4056 -0.6162 -0.5307 -0.3286 -0.3375 -0.7492 -0.5068 
β1 -0.1189 -0.1822 -0.2181 -0.1703 -0.1201 -0.1176 -0.1800 
+ Method: Food web 0 0 0 0 0 0 0 
+ Method: Dispersal -0.3909 -0.3229 -0.3992 -0.5724 -0.4027 -0.4135 -0.3325 
+ Method: Predator abundance 0.1385 0.1211 0.1149 0.2385 0.1428 0.1381 0.1481 
+ Organism: All aquatic insects 0 0 0 0 0 0 0 
+ Organism: Mayflies 0.4045 0.3966 0.3976 0.5289 0.3735 0.4936 0.3374 
+ Organism: Stoneflies 0.6975 0.5789 0.6043 0.8214 0.6829 0.7920 0.5281 
+ Organism: Caddisflies 0.3732 0.3770 0.3794 0.4904 0.3462 0.4576 0.3214 
+ Organism: Chironomids 0.9558 0.8927 0.9275 1.0705 0.9211 1.0401 0.8379 
+ Organism: Terrestrial predators -0.3301 -0.2637 -0.3467 -0.4541 -0.3609 -0.3606 -0.3052 
+ Productivity: High 0 0 0 0 0 0 0 
+ Productivity: Medium -0.2979 -0.3530 -0.2531 -0.3174 -0.2527 -0.2243 -0.3066 
+ Productivity: Low -0.0599 0.0584 0.1062 -0.0856 -0.0318 0.1421 0.0827 
+ Width class: 1 0 0 0 0 0 0 0 
+ Width class: 2 0 -0.2056 -0.1418 0 0 0.0109 -0.2864 
+ Width class: 3 0 0.1439 0.1077 0 0 0.3399 0.0636 
+ Width class: 4 0 0.1012 0.0682 0 0 0.2969 0.0246 
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TABLE B2. Continued. 
Parameter Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
+ Width class: 6 0 0.4564 0.5683 0 0 0.4838 0.3326 
+ Width class: 7 0 0.3605 0.5457 0 0 0.8545 0.2787 
+ Geomorphology: Meandering 0 0 0 0 0 0 0 
+ Geomorphology: Straight/Meandering 0 0.1899 0 0 0 0 0.2496 
+ Geomorphology: Straight 0 0.1306 0 0 0 0 0.1791 
+ Bank type: Gradual 0 0 0 0 0 0 0 
+ Bank type: Gradual/Steep 0 0 0 0 -0.2879 0 -0.2854 
+ Bank type: Steep 0 0 0 0 0.0850 0 -0.0700 
* Method: Food web 0 0 0 0 0 0 0 
* Method: Dispersal -0.1141 -0.1769 -0.1261 0 -0.1125 -0.1149 -0.1767 
* Method: Predator abundance 0.0654 0.0572 0.0752 0 0.0675 0.0635 0.0548 
* Organism: All aquatic insects 0 0 0 0 0 0 0 
* Organism: Mayflies -0.0938 -0.0233 -0.0501 -0.1693 -0.0944 -0.0908 -0.0223 
* Organism: Stoneflies -0.1276 -0.0060 -0.0352 -0.2030 -0.1278 -0.1215 -0.0045 
* Organism: Caddisflies 0.0064 0.0852 0.0547 -0.0663 0.0051 0.0105 0.0855 
* Organism: Chironomids -0.0040 0.1064 0.0462 -0.0724 -0.0052 -0.0002 0.1083 
* Organism: Terrestrial predators -0.1960 -0.2611 -0.2130 -0.1076 -0.1948 -0.1993 -0.2592 
* Productivity: High 0 0 0 0 0 0 0 
* Productivity: Medium 0.0287 0.0192 0.0265 0.0419 0.0298 0.0200 0.0216 
* Productivity: Low -0.1405 -0.1120 -0.1230 -0.1281 -0.1398 -0.1419 -0.1113 
* Width class: 1 0 0 0 0 0 0 0 
* Width class: 2 0 0.0758 0.0668 0 0 0 0.0762 
* Width class: 3 0 0.1426 0.1112 0 0 0 0.1422 
* Width class: 4 0 0.1438 0.1036 0 0 0 0.1435 
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TABLE B2. Continued. 
Parameter Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
* Width class: 6 0 0.0493 -0.0426 0 0 0 0.0477 
* Width class: 7 0 0.2240 0.1279 0 0 0 0.2235 
* Geomorphology: Meandering 0 0 0 0 0 0 0 
* Geomorphology: Straight/Meandering 0 0.0015 0 0 0 0 -0.0029 
* Geomorphology: Straight 0 -0.0992 0 0 0 0 -0.1040 
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Appendix C: 
Site descriptions and arthropod group designations used in Chapter III. 
TABLE C1. Descriptions of the 46 sites used in Chapter III, including in-channel, bank, floodplain/riparian, and upland physical and 
biological characteristics. 
 
Site Bank Study region 
Channel 
width (m) 
Stream 
order 
Channel 
geomorphology Bank type 
Floodplain 
vegetation 
Upland 
vegetation 
BATE1 Left Coweeta 2 1–2 Straight Gradual Overstory Overstory 
BATE1 Right Coweeta 2 1–2 Straight Gradual Overstory Overstory 
HEAD2 Left Coweeta 4 1–2 Meandering Steep Overstory Overstory 
HEAD2 Right Coweeta 4 1–2 Meandering Steep Overstory Overstory 
BALL1 Left Coweeta 5 3–4 Meandering Gradual Overstory Overstory 
BALL1 Right Coweeta 5 3–4 Meandering Steep Overstory Overstory 
COWE1 Left Coweeta 6 3–4 Meandering Gradual Overstory Overstory 
COWE1 Right Coweeta 6 3–4 Meandering Gradual Overstory Overstory 
LTEN1 Right Coweeta 21 5–6 Meandering Gradual Overstory Understory 
RESI3 Left Tagliamento 3 1–2 Meandering Steep Overstory Overstory 
RESI3 Right Tagliamento 3 1–2 Meandering Steep Overstory Overstory 
RESI4 Left Tagliamento 4 1–2 Straight Steep Understory Understory 
RESI4 Right Tagliamento 4 1–2 Straight Steep Understory Understory 
RESI1 Left Tagliamento 7 1–2 Braided Steep Barren Understory 
RESI1 Right Tagliamento 7 1–2 Braided Gradual Overstory Overstory 
RESI2 Left Tagliamento 5 1–2 Straight Gradual Understory Overstory 
RESI2 Right Tagliamento 5 1–2 Straight Gradual Understory Overstory 
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TABLE C1. Continued (middle left of table). 
Site Bank Study region 
Channel 
width (m) 
Stream 
order 
Channel 
geomorphology Bank type 
Floodplain 
vegetation 
Upland 
vegetation 
ARZO1 Left Tagliamento 22 3–4 Meandering Gradual Understory Overstory 
ARZO1 Right Tagliamento 22 3–4 Meandering Gradual Understory Overstory 
ARZO2 Left Tagliamento 26 3–4 Meandering Terrace Understory Overstory 
RESI5 Left Tagliamento 16 3–4 Braided Terrace Understory Overstory 
RESI5 Right Tagliamento 16 3–4 Braided Gradual Barren Understory 
FELL1 Right Tagliamento 101 5–6 Braided Levee Barren Overstory 
BECH1 Right Tagliamento 400 5–6 Braided Gradual Barren Overstory 
BECH2 Right Tagliamento 400 5–6 Braided Terrace Barren Overstory 
CORN1 Left Tagliamento 312 5–6 Braided Gradual Barren Overstory 
CORN1 Right Tagliamento 312 5–6 Braided Terrace Barren Overstory 
ISLA1 Left Tagliamento 411 5–6 Braided Steep Barren Overstory 
ISLA1 Right Tagliamento 411 5–6 Braided Gradual Barren Overstory 
BELG1 Left Tagliamento 72 7+ Meandering Gradual Barren Overstory 
BELG1 Right Tagliamento 72 7+ Meandering Terrace Overstory Understory 
BOLZ1 Left Tagliamento 38 7+ Meandering Steep Overstory Overstory 
BOLZ1 Right Tagliamento 38 7+ Meandering Gradual Understory Overstory 
ELBE1 Left Elbe 200 7+ Point bars Terrace Barren Understory 
ELBE2 Left Elbe 200 7+ Meandering Terrace Barren Understory 
ELBE3 Right Elbe 200 7+ Meandering Gradual Understory Overstory 
DRAV1 Left Danube 150 5–6 Straight Terrace Understory Overstory 
DANU1 Right Danube 450 7+ Point bars Gradual Barren Overstory 
DANU2 Right Danube 450 7+ Point bars Levee Barren Overstory 
DFOR1 Right Danube 500 7+ Straight Terrace Barren Overstory 
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TABLE C1. Continued (bottom left of table). 
Site Bank Study region 
Channel 
width (m) 
Stream 
order 
Channel 
geomorphology Bank type 
Floodplain 
vegetation 
Upland 
vegetation 
DMDW1 Right Danube 500 7+ Straight Terrace Barren Understory 
DSRB1 Left Danube 600 7+ Straight Levee Understory Overstory 
DSRB2 Left Danube 600 7+ Meandering Levee Overstory Understory 
DSRB3 Left Danube 400 7+ Straight Gradual Overstory Understory 
DSRB4 Left Danube 400 7+ Meandering Terrace Understory Overstory 
SAVA1 Left Danube 450 7+ Meandering Gradual Overstory Overstory 
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TABLE C1. Continued (top of right-most column). 
Site Bank Location 
BATE1 Left Bates Branch at Coweeta LTER, USA 
BATE1 Right Bates Branch at Coweeta LTER, USA 
HEAD2 Left Tributary of Shope Fork Creek at Coweeta LTER, USA 
HEAD2 Right Tributary of Shope Fork Creek at Coweeta LTER, USA 
BALL1 Left Ball Creek at Coweeta LTER, USA 
BALL1 Right Ball Creek at Coweeta LTER, USA 
COWE1 Left Coweeta Creek at Coweeta LTER, USA 
COWE1 Right Coweeta Creek at Coweeta LTER, USA 
LTEN1 Right Little Tennessee River near Franklin, North Carolina, USA 
RESI3 Left Tributary of Resia River near Coritis, Italy 
RESI3 Right Tributary of Resia River near Coritis, Italy 
RESI4 Left Tributary of Resia River near Oseacco, Italy 
RESI4 Right Tributary of Resia River near Oseacco, Italy 
RESI1 Left Resia River near Stolvizza, Italy 
RESI1 Right Resia River near Stolvizza, Italy 
RESI2 Left Tributary of Resia River near Oseacco, Italy 
RESI2 Right Tributary of Resia River near Oseacco, Italy 
ARZO1 Left Arzino River near Flagogna, Italy 
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TABLE C1. Continued (middle of right-most column). 
Site Bank Location 
ARZO1 Right Arzino River near Flagogna, Italy 
ARZO2 Left Arzino River near Flagogna, Italy 
RESI5 Left Resia River near Oseacco, Italy 
RESI5 Right Resia River near Oseacco, Italy 
FELL1 Right Fella River near Moggio Udinese, Italy 
BECH1 Right Tagliamento River near Ragogna, Italy 
BECH2 Right Tagliamento River near Ragogna, Italy 
CORN1 Left Tagliamento River near Cornino, Italy 
CORN1 Right Tagliamento River near Cornino, Italy 
ISLA1 Left Tagliamento River near Pinzano, Italy 
ISLA1 Right Tagliamento River near Pinzano, Italy 
BELG1 Left Tagliamento River near Belgrado, Italy 
BELG1 Right Tagliamento River near Belgrado, Italy 
BOLZ1 Left Tagliamento River near Valvasone, Italy 
BOLZ1 Right Tagliamento River near Valvasone, Italy 
ELBE1 Left Elbe River near Dessau, Germany 
ELBE2 Left Elbe River near Dessau, Germany 
ELBE3 Right Elbe River near Dessau, Germany 
DRAV1 Left Drava River near Őrtilos, Hungary 
DANU1 Right Danube River near Orth, Austria 
DANU2 Right Danube River near Orth, Austria 
DFOR1 Right Danube River near Mohács, Hungary 
DMDW1 Right Danube River near Mohács, Hungary 
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TABLE C1. Continued (bottom of right-most column). 
Site Bank Location 
DSRB1 Left Danube River near Bački Monoštor, Serbia 
DSRB2 Left Danube River near Bački Monoštor, Serbia 
DSRB3 Left Danube River near Apatin, Serbia 
DSRB4 Left Danube River near Apatin, Serbia 
SAVA1 Left Sava River in Obedska Bara Nature Reserve, Serbia 
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TABLE C2. Major groupings of arthropods used in Chapter III, which were analyzed 
separately for biomass at each sampling location. With the exception of groups 
labeled “miscellaneous,” the remaining 14 groups, when present at a location, 
were used for stable isotope analysis. 
 
Major group Predominant families 
Aerial aquatic 
      Diptera Chironomidae, Tipulidae 
     Ephemeroptera Heptageniidae, Baetidae, Ephemerellidae 
     Odonata Coenagrionidae 
     Plecoptera Leuctridae, Pteronarcyidae, Perlidae 
     Trichoptera Hydropsychidae, Limnephilidae 
Aquatic larvae 
      Ephemeroptera Heptageniidae, Baetidae, Ephemerellidae 
     Plecoptera Leuctridae, Pteronarcyidae, Perlidae 
     Trichoptera Hydropsychidae, Limnephilidae 
     Miscellaneous others Various 
Predaceous terrestrial 
      Coleoptera Carabidae, Staphylinidae 
     Arachnida, hunting Lycosidae, Clubionidae, Amaurobiidae 
     Arachnida, webbed Araneidae, Linyphiidae, Tetragnathidae 
Herbivorous terrestrial 
      Lepidoptera larvae Various caterpillars 
     Hemiptera Cicadellidae, Cercopidae, Delphacidae 
Miscellaneous terrestrial 
      Lepidoptera adults Various butterflies and moths 
     Miscellaneous others Various 
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Appendix D: 
Model comparison tables and regression coefficients for parameters included in the best, overall stream signature prediction 
models for predator attraction and food webs from Chapter III. 
TABLE D1. Stream signature model comparison for predator attraction effect in Chapter III. Asterisk (*) and plus (+) symbols indicate 
factors added to both the model slope and intercept or to the intercept only, respectively. 
 
Model β0 β1 
Study 
region 
Stream 
order 
Channel 
geomorph. 
Bank 
type 
Floodplain 
vegetation 
Predator 
group 
Adjusted 
R2 df AICc ∆i Weight 
1 -1.5679 -0.1033 +    + * 0.2248 13 1741.20 0.00 0.0824 
2 -1.9294 -0.1002 + +   + * 0.2323 16 1741.26 0.06 0.0801 
3 -2.5094 -0.1099 * + +   * 0.2418 20 1741.75 0.55 0.0625 
4 -1.9218 -0.1124 * +   + * 0.2392 19 1741.79 0.59 0.0614 
5 -1.5479 -0.1235 *    + * 0.2317 16 1741.79 0.59 0.0613 
6 -1.5815 -0.1032 +   + + * 0.2306 16 1742.67 1.47 0.0395 
7 -2.5219 -0.0992 + + +   * 0.2330 17 1742.75 1.55 0.0381 
8 -1.5391 -0.1300 *   + + * 0.2375 19 1743.23 2.03 0.0298 
9 -1.5448 -0.1125 +    * * 0.2272 15 1743.41 2.21 0.0273 
10 -2.4147 -0.1007 + +    * 0.2247 14 1743.42 2.22 0.0272 
11 -2.3758 -0.1161 * +    * 0.2322 17 1743.46 2.26 0.0267 
12 -1.8783 -0.1078 + +   * * 0.2344 18 1743.69 2.49 0.0237 
13 -1.6427 -0.0812 +   * + * 0.2363 19 1744.21 3.01 0.0183 
14 -1.7860 -0.1008 + +  + + * 0.2361 19 1744.41 3.21 0.0166 
15 -1.8800 -0.1326 + +   + + 0.2233 14 1744.55 3.35 0.0154 
  
 
152 
TABLE D1. Continued. 
Model β0 β1 
Study 
region 
Stream 
order 
Channel 
geomorph. 
Bank 
type 
Floodplain 
vegetation 
Predator 
group 
Adjusted 
R2 df AICc ∆i Weight 
16 -1.5235 -0.1341 +    + + 0.2154 11 1744.75 3.55 0.0139 
17 -1.7460 -0.1239 * +  + + * 0.2432 22 1744.87 3.67 0.0131 
18 -1.5412 -0.1330 *    * * 0.2329 18 1744.96 3.76 0.0126 
19 -1.5527 -0.1124 +   + * * 0.2329 18 1744.99 3.79 0.0124 
20 -1.9594 -0.0515 + *   + * 0.2353 19 1745.10 3.90 0.0117 
21 -1.9015 -0.1127 * +   * * 0.2403 21 1745.17 3.97 0.0113 
  
Sums: 21 12 2 6 17 21 
     
 % of models: 100% 57% 10% 29% 81% 100%      
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TABLE D2. Stream signature model comparison for food web (stable isotope) effect in Chapter III. Asterisk (*) and plus (+) symbols 
indicate factors added to both the model slope and intercept or to the intercept only, respectively. 
 
Model β0 β1 
Study 
region 
Stream 
order 
Channel 
geomorph. 
Bank 
type 
Floodplain 
vegetation 
Predator 
group 
Adjusted 
R2 df AICc ∆i Weight 
1 -0.7764 -0.2591 
   
+ + 
 
0.3145 8 653.89 0.00 0.0473 
2 -0.6588 -0.2517 
   
+ + + 0.3257 10 654.49 0.61 0.0350 
3 -0.5586 -0.2588 + 
  
+ + 
 
0.3188 9 654.64 0.75 0.0325 
4 -1.0155 -0.2617 
 
+ 
 
+ + 
 
0.3318 11 654.66 0.77 0.0322 
5 -0.7556 -0.2605 + + 
 
+ + 
 
0.3383 12 654.66 0.77 0.0322 
6 -0.3916 -0.2506 + 
  
+ + + 0.3317 11 654.67 0.78 0.0321 
7 -0.4862 -0.2487 + + 
    
0.3116 8 654.86 0.97 0.0291 
8 -0.2772 -0.2413 + + 
   
+ 0.3239 10 655.10 1.22 0.0258 
9 -0.5779 -0.2523 + + 
 
+ + + 0.3500 14 655.13 1.24 0.0255 
10 -0.2840 -0.2539 + 
   
+ 
 
0.3034 7 655.38 1.49 0.0224 
11 -0.7534 -0.2531 + + 
 
+ 
  
0.3227 10 655.50 1.61 0.0211 
12 -0.1138 -0.2461 + 
   
+ + 0.3159 9 655.59 1.70 0.0202 
13 -0.5566 -0.2450 + + 
 
+ 
 
+ 0.3355 12 655.61 1.72 0.0200 
14 -0.8795 -0.2545 
 
+ 
 
+ + + 0.3417 13 655.72 1.83 0.0189 
15 -0.1218 -0.2644 + 
 
+ + + 
 
0.3338 12 656.20 2.31 0.0149 
16 -0.7645 -0.2652 
   
+ * 
 
0.3200 10 656.40 2.51 0.0135 
17 -0.0907 -0.2457 + 
    
+ 0.2997 7 656.59 2.70 0.0123 
18 -0.5477 -0.2661 * 
  
+ + 
 
0.3188 10 656.80 2.92 0.0110 
19 -0.3955 -0.2479 * 
  
+ + + 0.3318 12 656.88 2.99 0.0106 
20 -0.7455 -0.2670 * + 
 
+ + 
 
0.3383 13 656.89 3.00 0.0106 
21 -0.8303 -0.2631 
  
+ + + 
 
0.3251 11 656.91 3.02 0.0104 
 
  
 
154 
TABLE D2. Continued. 
Model β0 β1 
Study 
region 
Stream 
order 
Channel 
geomorph. 
Bank 
type 
Floodplain 
vegetation 
Predator 
group 
Adjusted 
R2 df AICc ∆i Weight 
22 -.4555 -.2695 * + 
    
.3118 9 656.95 3.06 .0102 
23 -0.6904 -0.2154 
   
+ + * 0.3312 12 657.07 3.18 0.0096 
24 -0.6051 -0.2540 
    
+ 
 
0.2915 6 657.10 3.22 0.0095 
25 0.0628 -0.2561 + 
 
+ + + + 0.3442 14 657.11 3.22 0.0095 
26 -0.5427 -0.2650 + 
  
+ * 
 
0.3244 11 657.12 3.24 0.0094 
27 -0.7440 -0.2574 + + 
 
+ * 
 
0.3441 14 657.16 3.27 0.0092 
28 -0.4201 -0.2135 + 
  
+ + * 0.3374 13 657.21 3.32 0.0090 
29 -0.6555 -0.2530 
   
+ * + 0.3307 12 657.24 3.35 0.0089 
30 -1.0095 -0.2607 
 
+ 
 
+ * 
 
0.3372 13 657.28 3.39 0.0087 
31 -0.2625 -0.2518 * + 
   
+ 0.3240 11 657.28 3.39 0.0087 
32 -1.3365 -0.2590 
 
+ + + + 
 
0.3436 14 657.32 3.43 0.0085 
33 -0.2686 -0.2541 + 
     
0.2842 5 657.32 3.43 0.0085 
34 -0.3859 -0.2514 + 
  
+ * + 0.3368 13 657.39 3.50 0.0082 
35 -0.5825 -0.2492 * + 
 
+ + + 0.3500 15 657.40 3.51 0.0082 
36 -0.2624 -0.2691 * 
   
+ 
 
0.3035 8 657.49 3.60 0.0078 
37 -0.7296 -0.2684 * + 
 
+ 
  
0.3228 11 657.66 3.77 0.0072 
38 -0.5736 -0.2435 + + 
 
+ * + 0.3558 16 657.68 3.79 0.0071 
39 -0.2726 -0.2625 + 
   
* 
 
0.3095 9 657.71 3.82 0.0070 
40 -0.6158 -0.2142 + + 
 
+ + * 0.3556 16 657.75 3.86 0.0069 
41 -0.1073 -0.2508 * 
   
+ + 0.3159 10 657.76 3.88 0.0068 
42 -0.5490 -0.2501 * + 
 
+ 
 
+ 0.3355 13 657.83 3.95 0.0066 
43 -0.3122 -0.1999 + +       * 0.3289 12 657.85 3.96 0.0065 
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TABLE D2. Continued. 
Model β0 β1 
Study 
region 
Stream 
order 
Channel 
geomorph. 
Bank 
type 
Floodplain 
vegetation 
Predator 
group 
Adjusted 
R2 df AICc ∆i Weight 
  
Sums: 32 20 4 30 32 21 
     
 
% of models: 100% 74% 47% 9% 70% 74% 49% 
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Appendix E: 
Calculation of shear stress to assess bed mobilization for Chapter IV. 
 In rivers, incipient motion (bed sediment movement) occurs as the shear stress 
force reaches a critical threshold, which varies from river to river. Critical shear stress, τc, 
was calculated for the studied reach of the Tagliamento River using Shields’ (1936) 
equation: 
 τc = θ ∗ D50 ∗ (γs − γ) (1) 
where θ is the dimensionless Shields parameter, D50 is the median grain size of the bed 
sediment, γ is the specific weight of water (~9807 N/m3) , and γs is the specific weight of 
sediment (~2.65*γ). The Shields curve (Shields 1936) predicts a range of θ values for 
gravel and cobble-bed rivers (like the Tagliamento), of which a value of 0.06 is 
commonly used (Buffington and Montgomery 1997). Combining and reorganizing this 
information yields the following equation: 
 τc = 0.06 ∗ D50 ∗ γ ∗ (2.65−1) (2). 
A grain size distribution was derived from pebble counts (Wolman 1954) of a minimum 
of 200 grains (i.e., individual units of cobble or gravel, Kondolf 1997) carried out the 
previous year, in 2010. From this, D50 was estimated as ~0.035 m, or “very coarse 
gravel” (Gordon et al. 2004). Adding this value and the specific weight of water to 
equation (2) yields the following: 
 τc = 0.06 ∗ 0.035 m ∗ 9807 Ν/m3 ∗ (2.65−1) (3). 
Thus, τc = 34 N/m2. Using the concept of equal mobility (Parker and Klingeman 1982), 
the entire channel bed (i.e., the entire active corridor of the Tagliamento River and its 
inundated floodplain) should be mobilized when shear stress exceeds this value. 
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 The observed shear stress for the flood event used in this study was estimated 
using the equation for the definition of total boundary shear stress, τ: 
 τ = γ ∗ R * S (4) 
where R is the hydraulic radius of the channel (approximated as average depth for high 
width–depth channel, such as in the Tagliamento), and S is the channel slope. Channel 
slope was measured using longitudinal surveys carried out at the site in 2010, and 
estimated depth during the flood event was based on visual observations made ~6 hr after 
the flood peak, when the floodplain was still inundated. Substituting this information 
yields the following: 
 τ = 9807 N/m3 * 2 m * 0.0038 (5). 
Thus, τ = 75 N/m3 for this flood, which exceeds by more than 2 times the critical shear 
stress (34 N/m3) required for incipient motion. This provides further evidence that this 
flood was a large event on this reach of the Tagliamento River—as suspected based on 
oblique photographs taken before and after the flood—which mobilized bed sediment and 
re-formed channel braids. Ecologically, the flood likely crushed or washed away 
terrestrial predators, and created de novo “island” habitats on which succession could 
occur. 
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Appendix F: 
Annotated photograph showing sampling locations used in Chapter IV. 
 
FIG. F1. Sampling sites along 2 transects used in Chapter IV, which were combined for 
the analysis because the area of secondary refugia did not contribute significantly 
to the number of colonists. A total of 7 sites along each transect were sampled, 
and sites were grouped together according to their respective channel braid for 
analysis (“Near,” “Mid-near,” “Mid-far,” and “Far” from primary vegetated 
refugia). The direction of water flow is from north to south, or from the bottom 
right to the top left of the photograph. 
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Appendix G: 
Significance tests for analyses described in Chapter IV. 
TABLE G1. Permutational MANOVA test results for differences between ordination 
groups depicted in Fig. IV-1, based on 999 permutations. Tests by site used 
sample event as strata, and vice versa. Bold values highlight significant 
differences (p < 0.05). 
 
 
F p df R2 
Aquatic sites 6.6274 ≤ 0.001 3 0.1878 
Terrestrial sites 9.3062 ≤ 0.001 3 0.0296 
Aquatic samples 1.4793 ≤ 0.001 6 0.0966 
Terrestrial samples 19.0840 ≤ 0.001 6 0.1117 
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TABLE G2. Homogeneity of group dispersion test results based on ANOVA for 
differences in ordination group dispersion (ellipse size) depicted in Fig. IV-1. 
Bold values highlight significant differences (p < 0.05). 
 
 
F p df 
Aquatic sites 10.4030 < 0.0001 3 
Terrestrial sites 1.1937 0.3110 3 
Aquatic samples 1.2463 0.2914 6 
Terrestrial samples 6.9967 < 0.0001 6 
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TABLE G3. ANCOVA test results for differences between regression lines of immigration 
rate vs. species richness and cumulative richness vs. days post-flood for the 4 sites 
(Near, Mid-near, Mid-far, Far) depicted in Figs. IV-2 and IV-4. R2 (linear) values 
are based on models using a linear function; R2 (log) values are based on models 
using an exponential decay (immigration) or log (cumulative richness) function. 
The F and p values shown are based on the model (linear or log) with the highest 
R2. The aquatic cumulative richness model excludes the Near site, which was 
highly anomalous. Bold values highlight significant differences (p < 0.05). 
 
 
F p df R2 (linear) R2 (log) 
Terrestrial immigration rates 10.7120 0.0001 3 0.7857 0.4508 
Aquatic cumulative richness 76.9790 < 0.0001 2 0.9182 0.9142 
Terrestrial cumulative richness 4.2997 < 0.0001 3 0.6236 0.8690 
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TABLE G4. Mixed effects model results for Bembidion (ground beetle, Carabidae) and 
Pardosa (wolf spider, Lycosidae) relative abundance by day post-flood as 
depicted in Fig. IV-3, with sample site as a random intercept. Relative abundance 
was calculated as the portion of each group relative to the total predator 
community abundance for a given sample at a given site. Values for “Intercept” 
and “Day” are regression intercepts for the model intercept and days post-flood, 
respectively. Bold values highlight significant differences (p < 0.05). 
 
 
Intercept Day Day t Day p df 
Bembidion relative abundance 0.4820 -0.0121 -4.3324 0.0002 23 
Pardosa relative abundance 0.1643 0.0060 3.1336 0.0047 23 
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TABLE G5. Mixed effects model results for aquatic and terrestrial cumulative richness, 
average individual biomass, average site biomass, and average site abundance 
depicted in Figs. IV-4 and IV-5, with sample site as a random intercept. Values 
for “Intercept” and “Day” are regression intercepts for the model intercept and 
days post-flood, respectively. Aquatic richness, biomass, and abundance models 
exclude the Near site, which was highly anomalous. The “Day” variable was log-
transformed for the cumulative richness models, consistent with a log function. 
Bold values highlight significant differences (p < 0.05). 
 
 
Intercept Day Day t Day p df 
Aquatic cumulative richness 3.3948 2.9303 8.3335 <0.0001 17 
Terrestrial cumulative richness 18.2537 6.5882 11.4995 <0.0001 23 
Aquatic individual biomass 1.5430 -0.0150 -0.7181 0.4799 23 
Terrestrial individual biomass 3.1616 0.2043 4.4051 0.0002 23 
Aquatic biomass 4.2306 0.3104 2.4741 0.0242 17 
Terrestrial biomass 223.5952 -6.5191 -5.5507 <0.0001 23 
Aquatic abundance 5.2800 0.4693 2.8580 0.0109 17 
Terrestrial abundance 72.5813 -2.6724 -6.5374 <0.0001 23 
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Supplement 1: 
Stream signature meta-dataset containing all available distance–subsidy magnitude 
data from Chapter II. 
SUPPLEMENT 1. Columns 1–2. 
Row Study Stream 
1 Belletal1999RegulRivers River Garonne, south-central 
France 
2 Belletal1999RegulRivers River Garonne, south-central 
France 
3 Belletal1999RegulRivers River Garonne, south-central 
France 
4 Belletal1999RegulRivers River Helge, southern Sweden 
5 Belletal1999RegulRivers River Helge, southern Sweden 
6 Belletal1999RegulRivers River Helge, southern Sweden 
7 Belletal1999RegulRivers River Trent, UK 
8 Belletal1999RegulRivers River Trent, UK 
9 Belletal1999RegulRivers River Trent, UK 
10 Briersetal2002Archiv Afon Gwy (Headwater of River 
Severn), Wales, UK 
11 Briersetal2002Archiv Afon Gwy (Headwater of River 
Severn), Wales, UK 
12 Briersetal2002Archiv Afon Gwy (Headwater of River 
Severn), Wales, UK 
13 Briersetal2002Archiv Afon Gwy (Headwater of River 
Severn), Wales, UK 
14 Briersetal2002Archiv Afon Hafren (Headwater of River 
Severn), Wales, UK 
15 Briersetal2002Archiv Afon Hafren (Headwater of River 
Severn), Wales, UK 
16 Briersetal2002Archiv Afon Hafren (Headwater of River 
Severn), Wales, UK 
17 Briersetal2002Archiv Afon Hafren (Headwater of River 
Severn), Wales, UK 
18 Briersetal2002Archiv Afon Hore (Headwater of River 
Severn), Wales, UK 
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SUPPLEMENT 1. Columns 1–2 continued. 
Row Study Stream 
19 Briersetal2002Archiv Afon Hore (Headwater of River 
Severn), Wales, UK 
20 Briersetal2002Archiv Afon Hore (Headwater of River 
Severn), Wales, UK 
21 Briersetal2002Archiv Afon Hore (Headwater of River 
Severn), Wales, UK 
22 Briersetal2005Ecography Afon Hore (Headwater of River 
Severn), Wales, UK 
23 Briersetal2005Ecography Afon Hore (Headwater of River 
Severn), Wales, UK 
24 Briersetal2005Ecography Afon Hore (Headwater of River 
Severn), Wales, UK 
25 Briersetal2005Ecography Afon Hore (Headwater of River 
Severn), Wales, UK 
26 Briersetal2005Ecography Afon Hore (Headwater of River 
Severn), Wales, UK 
27 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
28 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
29 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
30 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
31 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
32 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
33 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
34 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
35 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
36 BurdonandHarding2008FreshBio Multiple Streams, South Island, 
New Zealand 
37 Chaneetal2007MarFreshRes Lead Mine Pass Stream, Hong 
Kong, China 
38 Chaneetal2007MarFreshRes Lead Mine Pass Stream, Hong 
Kong, China 
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SUPPLEMENT 1. Columns 1–2 continued. 
Row Study Stream 
39 Chaneetal2007MarFreshRes Lead Mine Pass Stream, Hong 
Kong, China 
40 Chaneetal2007MarFreshRes Lead Mine Pass Stream, Hong 
Kong, China 
41 Chaneetal2007MarFreshRes Tai Mo Shan Stream, Hong Kong, 
China 
42 Chaneetal2007MarFreshRes Tai Mo Shan Stream, Hong Kong, 
China 
43 Chaneetal2007MarFreshRes Tai Mo Shan Stream, Hong Kong, 
China 
44 Chaneetal2007MarFreshRes Tai Mo Shan Stream, Hong Kong, 
China 
45 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
46 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
47 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
48 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
49 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
50 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
51 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
52 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
53 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
54 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
55 Chaneetal2007MarFreshRes Tai Po Kau Forest Stream, Hong 
Kong, China 
56 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
57 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
58 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
59 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
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SUPPLEMENT 1. Columns 1–2 continued. 
Row Study Stream 
60 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
61 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
62 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
63 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
64 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
65 CollierandSmith1998Hydrobio Otahu Stream, North Island, New 
Zealand 
66 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
67 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
68 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
69 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
70 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
71 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
72 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
73 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
74 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
75 CollierandSmith1998Hydrobio Tongariro Stream, North Island, 
New Zealand 
76 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
77 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
78 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
79 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
80 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
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81 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
82 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
83 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
84 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
85 CollierandSmith1998Hydrobio Whakakai Stream, North Island, 
New Zealand 
86 CollinsUnpublished Banner Creek, Idaho, USA 
87 CollinsUnpublished Banner Creek, Idaho, USA 
88 CollinsUnpublished Banner Creek, Idaho, USA 
89 CollinsUnpublished Banner Creek, Idaho, USA 
90 CollinsUnpublished Banner Creek, Idaho, USA 
91 CollinsUnpublished Banner Creek, Idaho, USA 
92 CollinsUnpublished Banner Creek, Idaho, USA 
93 CollinsUnpublished Banner Creek, Idaho, USA 
94 CollinsUnpublished Banner Creek, Idaho, USA 
95 CollinsUnpublished Beaver Creek, Idaho, USA 
96 CollinsUnpublished Beaver Creek, Idaho, USA 
97 CollinsUnpublished Beaver Creek, Idaho, USA 
98 CollinsUnpublished Beaver Creek, Idaho, USA 
99 CollinsUnpublished Beaver Creek, Idaho, USA 
100 CollinsUnpublished Beaver Creek, Idaho, USA 
101 CollinsUnpublished Beaver Creek, Idaho, USA 
102 CollinsUnpublished Beaver Creek, Idaho, USA 
103 CollinsUnpublished Beaver Creek, Idaho, USA 
104 CollinsUnpublished Hungarian Creek, Idaho, USA 
105 CollinsUnpublished Hungarian Creek, Idaho, USA 
106 CollinsUnpublished Hungarian Creek, Idaho, USA 
107 CollinsUnpublished Hungarian Creek, Idaho, USA 
108 CollinsUnpublished Hungarian Creek, Idaho, USA 
109 CollinsUnpublished Hungarian Creek, Idaho, USA 
110 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
111 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
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112 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
113 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
114 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
115 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
116 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
117 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
118 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
119 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
120 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
121 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
122 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
123 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
124 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
125 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
126 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
127 DelettreandMorvan2000FreshBio 4 unnamed streams south of Mont 
Saint-Michele, Brittany, France  
128 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
129 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
130 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
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131 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
132 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
133 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
134 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
135 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
136 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
137 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
138 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
139 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
140 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
141 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
142 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
143 FinnandPoff2008ArctAntarctAlpRes South Fork Cache la Poudre River, 
Colorado, USA 
144 Göthberg1973Aquilo Kaltisjokk, Lapland, Sweden 
145 Göthberg1973Aquilo Kaltisjokk, Lapland, Sweden 
146 Göthberg1973Aquilo Kaltisjokk, Lapland, Sweden 
147 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
148 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
149 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
150 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
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151 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
152 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
153 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
154 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
155 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
156 Griffithetal1998AnnEntomSocAm WS1 steam, Fernow Experimental 
Forest, West Virginia, USA 
157 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
158 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
159 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
160 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
161 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
162 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
163 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
164 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
165 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
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166 Griffithetal1998AnnEntomSocAm WS13 steam, Fernow 
Experimental Forest, West 
Virginia, USA 
167 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
168 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
169 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
170 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
171 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
172 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
173 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
174 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
175 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
176 Griffithetal1998AnnEntomSocAm WS4 steam, Fernow Experimental 
Forest, West Virginia, USA 
177 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
178 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
179 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
180 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
181 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
182 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
183 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
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184 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
185 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
186 Griffithetal1998AnnEntomSocAm WS7 steam, Fernow Experimental 
Forest, West Virginia, USA 
187 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
188 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
189 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
190 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
191 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
192 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
193 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
194 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
195 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
196 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
197 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
198 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
199 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
200 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
201 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
202 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
203 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
204 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
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205 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
206 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
207 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
208 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
209 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
210 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
211 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
212 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
213 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
214 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
215 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
216 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
217 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
218 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
219 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
220 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
221 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
222 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
223 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
224 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
225 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
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226 HagenandSabo2011Oecologia South Fork Eel River, California, 
USA 
227 Henscheletal1996RevueSuisse Amper River, Palzing, Germany 
228 Henscheletal1996RevueSuisse Amper River, Palzing, Germany 
229 Henscheletal1996RevueSuisse Eheriedbach Stream, 
Kaltensondheim, Germany  
230 Henscheletal1996RevueSuisse Eheriedbach Stream, 
Kaltensondheim, Germany  
231 Henscheletal1996RevueSuisse Eheriedbach Stream, Kitzingen, 
Germany 
232 Henscheletal1996RevueSuisse Eheriedbach Stream, Kitzingen, 
Germany 
233 Henscheletal1996RevueSuisse Kurnachbach Stream, Lengfeld, 
Germany 
234 Henscheletal1996RevueSuisse Kurnachbach Stream, Lengfeld, 
Germany 
235 Henscheletal1996RevueSuisse Main River, Dettelbach, Germany 
236 Henscheletal1996RevueSuisse Main River, Dettelbach, Germany 
237 Henscheletal1996RevueSuisse Main River, Heidingsfeld, 
Germany 
238 Henscheletal1996RevueSuisse Main River, Heidingsfeld, 
Germany 
239 Henscheletal1996RevueSuisse Main River, Munsterschwarzach, 
Germany 
240 Henscheletal1996RevueSuisse Main River, Munsterschwarzach, 
Germany 
241 Henscheletal1996RevueSuisse Main River, Wurzburg, Germany 
242 Henscheletal1996RevueSuisse Main River, Wurzburg, Germany 
243 Henscheletal1996RevueSuisse Zeubelriedbach Stream, Erlach, 
Germany 
244 Henscheletal1996RevueSuisse Zeubelriedbach Stream, Erlach, 
Germany 
245 Henscheletal2001Oikos Main River, Wurzburg, Germany 
246 Henscheletal2001Oikos Main River, Wurzburg, Germany 
247 Henscheletal2001Oikos Main River, Wurzburg, Germany 
248 Henscheletal2001Oikos Main River, Wurzburg, Germany 
249 Henscheletal2001Oikos Main River, Wurzburg, Germany 
250 Henscheletal2001Oikos Main River, Wurzburg, Germany 
251 Henscheletal2001Oikos Main River, Wurzburg, Germany 
252 Henscheletal2001Oikos Main River, Wurzburg, Germany 
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253 Henscheletal2001Oikos Main River, Wurzburg, Germany 
254 Henscheletal2001Oikos Main River, Wurzburg, Germany 
255 Henscheletal2001Oikos Main River, Wurzburg, Germany 
256 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
257 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
258 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
259 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
260 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
261 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
262 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
263 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
264 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
265 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
266 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
267 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
268 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
269 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
270 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
271 Iwataetal2003Ecography Tomakomai City, Hokkaido, Japan 
272 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
273 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
274 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
275 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
276 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
277 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
278 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
279 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
280 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
281 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
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282 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
283 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
284 JacksonandResh1989EnvlEntom Big Sulphur Creek, California, 
USA 
285 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
286 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
287 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
288 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
289 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
290 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
291 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
292 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
293 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
294 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
295 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
296 Kovatsetal1996FreshBio Detroit River, Ontario, Canada 
297 KuuselaandHuusko1996EcolEntom Kusianjoki stream, Sotkamo, 
Finland 
298 KuuselaandHuusko1996EcolEntom Kusianjoki stream, Sotkamo, 
Finland 
299 KuuselaandHuusko1996EcolEntom Kusianjoki stream, Sotkamo, 
Finland 
300 Lynchetal2002AustralEcol Southern Alligator River 
Catchment, Kakadu National Park, 
Northern Territory, Australia 
301 Lynchetal2002AustralEcol Southern Alligator River 
Catchment, Kakadu National Park, 
Northern Territory, Australia 
302 Lynchetal2002AustralEcol Southern Alligator River 
Catchment, Kakadu National Park, 
Northern Territory, Australia 
303 Lynchetal2002AustralEcol Southern Alligator River 
Catchment, Kakadu National Park, 
Northern Territory, Australia 
304 Lynchetal2002AustralEcol Southern Alligator River 
Catchment, Kakadu National Park, 
Northern Territory, Australia 
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305 Lynchetal2002AustralEcol Southern Alligator River 
Catchment, Kakadu National Park, 
Northern Territory, Australia 
306 Macnealeetal2005FreshBio West Zig Zag Brook, Hubbard 
Brook Experimental Forest, New 
Hampshire, USA 
307 Macnealeetal2005FreshBio West Zig Zag Brook, Hubbard 
Brook Experimental Forest, New 
Hampshire, USA 
308 Macnealeetal2005FreshBio West Zig Zag Brook, Hubbard 
Brook Experimental Forest, New 
Hampshire, USA 
309 Macnealeetal2005FreshBio West Zig Zag Brook, Hubbard 
Brook Experimental Forest, New 
Hampshire, USA 
310 Macnealeetal2005FreshBio West Zig Zag Brook, Hubbard 
Brook Experimental Forest, New 
Hampshire, USA 
311 Milleretal2002FreshBio Coleman Creek, Arizona, USA 
312 Milleretal2002FreshBio Coleman Creek, Arizona, USA 
313 Milleretal2002FreshBio Coleman Creek, Arizona, USA 
314 Milleretal2002FreshBio Coleman Creek, Arizona, USA 
315 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
316 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
317 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
318 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
319 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
320 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
321 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
322 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
323 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
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324 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
325 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
326 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
327 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
328 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
329 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
330 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
331 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
332 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
333 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
334 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
335 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
336 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
337 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
338 Petersenetal1999FreshBio Broadstone Stream, Ashdown 
Forest, England 
339 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
340 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
341 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
342 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
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343 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
344 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
345 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
346 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
347 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
348 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
349 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
350 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
351 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
352 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
353 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
354 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
355 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
356 Petersenetal2004JApplEcol LI5 tributary of Llyn Brianne 
reservoir, Wales, UK 
357 Petersenetal2004JApplEcol LI6 tributary of Llyn Brianne 
reservoir, Wales, UK 
358 Petersenetal2004JApplEcol LI6 tributary of Llyn Brianne 
reservoir, Wales, UK 
359 Petersenetal2004JApplEcol LI6 tributary of Llyn Brianne 
reservoir, Wales, UK 
360 Petersenetal2004JApplEcol LI6 tributary of Llyn Brianne 
reservoir, Wales, UK 
361 Petersenetal2004JApplEcol LI6 tributary of Llyn Brianne 
reservoir, Wales, UK 
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362 Petersenetal2004JApplEcol LI6 tributary of Llyn Brianne 
reservoir, Wales, UK 
363 Petersenetal2004JApplEcol LI7 tributary of Llyn Brianne 
reservoir, Wales, UK 
364 Petersenetal2004JApplEcol LI7 tributary of Llyn Brianne 
reservoir, Wales, UK 
365 Petersenetal2004JApplEcol LI7 tributary of Llyn Brianne 
reservoir, Wales, UK 
366 Petersenetal2004JApplEcol LI7 tributary of Llyn Brianne 
reservoir, Wales, UK 
367 Petersenetal2004JApplEcol LI7 tributary of Llyn Brianne 
reservoir, Wales, UK 
368 Petersenetal2004JApplEcol LI7 tributary of Llyn Brianne 
reservoir, Wales, UK 
369 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
370 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
371 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
372 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
373 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
374 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
375 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
376 PowerandRainey2000ResourceSheds South Fork Eel River, California, 
USA 
377 Poweretal2004RiverWaterSubsidies 
Elder Creek, California, USA 
378 Poweretal2004RiverWaterSubsidies 
Elder Creek, California, USA 
379 Poweretal2004RiverWaterSubsidies 
Elder Creek, California, USA 
380 Poweretal2004RiverWaterSubsidies 
Elder Creek, California, USA 
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SUPPLEMENT 1. Columns 1–2 continued. 
Row Study Stream 
381 Poweretal2004RiverWaterSubsidies Fox Creek, California, USA 
382 Poweretal2004RiverWaterSubsidies Fox Creek, California, USA 
383 Poweretal2004RiverWaterSubsidies Fox Creek, California, USA 
384 Poweretal2004RiverWaterSubsidies Fox Creek, California, USA 
385 Poweretal2004RiverWaterSubsidies Fox Creek, California, USA 
386 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
387 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
388 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
389 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
390 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
391 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
392 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
393 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
394 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
395 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
396 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
397 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
398 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
399 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
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SUPPLEMENT 1. Columns 1–2 continued. 
Row Study Stream 
400 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
401 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
402 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
403 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
404 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
405 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
406 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
407 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
408 Poweretal2004RiverWaterSubsidies South Fork Eel River, California, 
USA 
409 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
410 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
411 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
412 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
413 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
414 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
415 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
416 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
417 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
418 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
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SUPPLEMENT 1. Columns 1–2 continued. 
Row Study Stream 
419 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
420 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
421 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
422 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
423 Raikowetal2011EcoApps Twelvemile Creek (Lake 
Hartwell), South Carolina, USA 
424 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
425 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
426 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
427 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
428 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
429 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
430 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
431 Sanzoneetal2003Oecologia Sycamore Creek, Arizona, USA 
432 SodeandWiburg-
Larsen1993FreshBio 
Stamperenden Brook, Northern 
Funen, Denmark 
433 SodeandWiburg-
Larsen1993FreshBio 
Stamperenden Brook, Northern 
Funen, Denmark 
434 SodeandWiburg-
Larsen1993FreshBio 
Stamperenden Brook, Northern 
Funen, Denmark 
435 SodeandWiburg-
Larsen1993FreshBio 
Stamperenden Brook, Northern 
Funen, Denmark 
436 Svensson1974Oikos Tributary of Klingavälsån River, 
Lund, Sweden 
437 Svensson1974Oikos Tributary of Klingavälsån River, 
Lund, Sweden 
438 Svensson1974Oikos Tributary of Klingavälsån River, 
Lund, Sweden 
439 Svensson1974Oikos Tributary of Klingavälsån River, 
Lund, Sweden 
440 Svensson1974Oikos Tributary of Klingavälsån River, 
Lund, Sweden 
441 Svensson1974Oikos Tributary of Klingavälsån River, 
Lund, Sweden 
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SUPPLEMENT 1. Columns 1–2 continued. 
Row Study Stream 
442 Wesner2010Oikos Byrd's Mill Creek, Oklahoma, 
USA 
443 Wesner2010Oikos Byrd's Mill Creek, Oklahoma, 
USA 
444 Wesner2010Oikos Byrd's Mill Creek, Oklahoma, 
USA 
445 Wesner2010Oikos Finn Creek, Oklahoma, USA 
446 Wesner2010Oikos Finn Creek, Oklahoma, USA 
447 Wesner2010Oikos Finn Creek, Oklahoma, USA 
448 Wesner2010Oikos Spring Lake Creek, Kessler Farm 
Field Lab, Oklahoma, USA  
449 Wesner2010Oikos Spring Lake Creek, Kessler Farm 
Field Lab, Oklahoma, USA  
450 Wesner2010Oikos Spring Lake Creek, Kessler Farm 
Field Lab, Oklahoma, USA  
451 Winterbourn2005AqInsects Middle Bush Stream, South 
Island, New Zealand 
452 Winterbourn2005AqInsects Middle Bush Stream, South 
Island, New Zealand 
453 Winterbourn2005AqInsects Middle Bush Stream, South 
Island, New Zealand 
454 Winterbourn2005AqInsects Middle Bush Stream, South 
Island, New Zealand 
455 Winterbourn2005AqInsects Middle Bush Stream, South 
Island, New Zealand 
456 Winterbourn2005AqInsects Middle Bush Stream, South 
Island, New Zealand 
 186 
SUPPLEMENT 1. Columns 3–6. 
Row Approach Stream order Stream width (m) Width class 
1 Predator abundance 4 100.0 7 
2 Predator abundance 4 100.0 7 
3 Predator abundance 4 100.0 7 
4 Predator abundance 4 50.0 6 
5 Predator abundance 4 50.0 6 
6 Predator abundance 4 50.0 6 
7 Predator abundance 4 75.0 7 
8 Predator abundance 4 75.0 7 
9 Predator abundance 4 75.0 7 
10 Dispersal 3 3.5 2 
11 Dispersal 3 3.5 2 
12 Dispersal 3 3.5 2 
13 Dispersal 3 3.5 2 
14 Dispersal 3 3.5 2 
15 Dispersal 3 3.5 2 
16 Dispersal 3 3.5 2 
17 Dispersal 3 3.5 2 
18 Dispersal 3 3.5 2 
19 Dispersal 3 3.5 2 
20 Dispersal 3 3.5 2 
21 Dispersal 3 3.5 2 
22 15N 3 3.5 2 
23 15N 3 3.5 2 
24 15N 3 3.5 2 
25 15N 3 3.5 2 
26 15N 3 3.5 2 
27 Predator abundance 2 3.7 2 
28 Predator abundance 2 3.7 2 
29 Predator abundance 2 3.7 2 
30 Predator abundance 2 3.7 2 
31 Predator abundance 2 3.7 2 
32 Predator abundance 2 3.7 2 
33 Predator abundance 2 3.7 2 
34 Predator abundance 2 3.7 2 
35 Predator abundance 2 3.7 2 
36 Predator abundance 2 3.7 2 
37 % Aq Biomass 3 4.0 3 
38 % Aq Biomass 3 4.0 3 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
39 % Aq Biomass 3 4.0 3 
40 % Aq Biomass 3 4.0 3 
41 % Aq Biomass 2 2.0 2 
42 % Aq Biomass 2 2.0 2 
43 % Aq Biomass 2 2.0 2 
44 % Aq Biomass 2 2.0 2 
45 % Aq Biomass 3 8.0 4 
46 % Aq Biomass 3 8.0 4 
47 % Aq Biomass 3 8.0 4 
48 % Aq Biomass 3 8.0 4 
49 % Aq Biomass 3 8.0 4 
50 % Aq Biomass 3 8.0 4 
51 Dispersal 3 8.0 4 
52 Dispersal 3 8.0 4 
53 Dispersal 3 8.0 4 
54 Dispersal 3 8.0 4 
55 Dispersal 3 8.0 4 
56 Dispersal 3 8.0 4 
57 Dispersal 3 8.0 4 
58 Dispersal 3 8.0 4 
59 Dispersal 3 8.0 4 
60 Dispersal 3 8.0 4 
61 Dispersal 3 8.0 4 
62 Dispersal 3 8.0 4 
63 Dispersal 3 8.0 4 
64 Dispersal 3 8.0 4 
65 Dispersal 3 8.0 4 
66 Dispersal 5 60.0 6 
67 Dispersal 5 60.0 6 
68 Dispersal 5 60.0 6 
69 Dispersal 5 60.0 6 
70 Dispersal 5 60.0 6 
71 Dispersal 5 60.0 6 
72 Dispersal 5 60.0 6 
73 Dispersal 5 60.0 6 
74 Dispersal 5 60.0 6 
75 Dispersal 5 60.0 6 
76 Dispersal 2 3.0 2 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
77 Dispersal 2 3.0 2 
78 Dispersal 2 3.0 2 
79 Dispersal 2 3.0 2 
80 Dispersal 2 3.0 2 
81 Dispersal 2 3.0 2 
82 Dispersal 2 3.0 2 
83 Dispersal 2 3.0 2 
84 Dispersal 2 3.0 2 
85 Dispersal 2 3.0 2 
86 Dispersal 3 2.3 2 
87 Dispersal 3 2.3 2 
88 Dispersal 3 2.3 2 
89 Dispersal 3 2.3 2 
90 Dispersal 3 2.3 2 
91 Dispersal 3 2.3 2 
92 Dispersal 3 2.3 2 
93 Dispersal 3 2.3 2 
94 Dispersal 3 2.3 2 
95 Dispersal 3 1.5 1 
96 Dispersal 3 1.5 1 
97 Dispersal 3 1.5 1 
98 Dispersal 3 1.5 1 
99 Dispersal 3 1.5 1 
100 Dispersal 3 1.5 1 
101 Dispersal 3 1.5 1 
102 Dispersal 3 1.5 1 
103 Dispersal 3 1.5 1 
104 Dispersal 3 1.6 1 
105 Dispersal 3 1.6 1 
106 Dispersal 3 1.6 1 
107 Dispersal 3 1.6 1 
108 Dispersal 3 1.6 1 
109 Dispersal 3 1.6 1 
110 Dispersal 2 2.5 2 
111 Dispersal 2 2.5 2 
112 Dispersal 2 2.5 2 
113 Dispersal 2 2.5 2 
114 Dispersal 2 2.5 2 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
115 Dispersal 2 2.5 2 
116 Dispersal 2 2.5 2 
117 Dispersal 2 2.5 2 
118 Dispersal 2 2.5 2 
119 Dispersal 2 2.5 2 
120 Dispersal 2 2.5 2 
121 Dispersal 2 2.5 2 
122 Dispersal 2 2.5 2 
123 Dispersal 2 2.5 2 
124 Dispersal 2 2.5 2 
125 Dispersal 2 2.5 2 
126 Dispersal 2 2.5 2 
127 Dispersal 2 2.5 2 
128 Dispersal 1 1.6 1 
129 Dispersal 1 1.6 1 
130 Dispersal 1 1.6 1 
131 Dispersal 1 1.6 1 
132 Dispersal 1 1.6 1 
133 Dispersal 1 1.6 1 
134 Dispersal 1 1.6 1 
135 Dispersal 1 1.6 1 
136 Dispersal 1 1.6 1 
137 Dispersal 1 1.6 1 
138 Dispersal 1 1.6 1 
139 Dispersal 1 1.6 1 
140 Dispersal 1 1.6 1 
141 Dispersal 1 1.6 1 
142 Dispersal 1 1.6 1 
143 Dispersal 1 1.6 1 
144 Dispersal 4 10.0 4 
145 Dispersal 4 10.0 4 
146 Dispersal 4 10.0 4 
147 Dispersal 2 2.0 1 
148 Dispersal 2 2.0 1 
149 Dispersal 2 2.0 1 
150 Dispersal 2 2.0 1 
151 Dispersal 2 2.0 1 
152 Dispersal 2 2.0 1 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
153 Dispersal 2 2.0 1 
154 Dispersal 2 2.0 1 
155 Dispersal 2 2.0 1 
156 Dispersal 2 2.0 1 
157 Dispersal 2 2.0 1 
158 Dispersal 2 2.0 1 
159 Dispersal 2 2.0 1 
160 Dispersal 2 2.0 1 
161 Dispersal 2 2.0 1 
162 Dispersal 2 2.0 1 
163 Dispersal 2 2.0 1 
164 Dispersal 2 2.0 1 
165 Dispersal 2 2.0 1 
166 Dispersal 2 2.0 1 
167 Dispersal 2 2.0 1 
168 Dispersal 2 2.0 1 
169 Dispersal 2 2.0 1 
170 Dispersal 2 2.0 1 
171 Dispersal 2 2.0 1 
172 Dispersal 2 2.0 1 
173 Dispersal 2 2.0 1 
174 Dispersal 2 2.0 1 
175 Dispersal 2 2.0 1 
176 Dispersal 2 2.0 1 
177 Dispersal 2 2.0 1 
178 Dispersal 2 2.0 1 
179 Dispersal 2 2.0 1 
180 Dispersal 2 2.0 1 
181 Dispersal 2 2.0 1 
182 Dispersal 2 2.0 1 
183 Dispersal 2 2.0 1 
184 Dispersal 2 2.0 1 
185 Dispersal 2 2.0 1 
186 Dispersal 2 2.0 1 
187 % Aq Biomass 4 10.0 4 
188 % Aq Biomass 4 10.0 4 
189 % Aq Biomass 4 10.0 4 
190 % Aq Biomass 4 10.0 4 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
191 % Aq Biomass 4 10.0 4 
192 % Aq Biomass 4 10.0 4 
193 % Aq Biomass 4 10.0 4 
194 % Aq Biomass 4 10.0 4 
195 % Aq Biomass 4 10.0 4 
196 % Aq Biomass 4 10.0 4 
197 % Aq Biomass 4 10.0 4 
198 % Aq Biomass 4 10.0 4 
199 % Aq Biomass 4 10.0 4 
200 % Aq Biomass 4 10.0 4 
201 % Aq Biomass 4 10.0 4 
202 % Aq Biomass 4 10.0 4 
203 Dispersal 4 10.0 4 
204 Dispersal 4 10.0 4 
205 Dispersal 4 10.0 4 
206 Dispersal 4 10.0 4 
207 Dispersal 4 10.0 4 
208 Dispersal 4 10.0 4 
209 Dispersal 4 10.0 4 
210 Dispersal 4 10.0 4 
211 Dispersal 4 10.0 4 
212 Dispersal 4 10.0 4 
213 Dispersal 4 10.0 4 
214 Dispersal 4 10.0 4 
215 Dispersal 4 10.0 4 
216 Dispersal 4 10.0 4 
217 Dispersal 4 10.0 4 
218 Dispersal 4 10.0 4 
219 Predator abundance 4 10.0 4 
220 Predator abundance 4 10.0 4 
221 Predator abundance 4 10.0 4 
222 Predator abundance 4 10.0 4 
223 Predator abundance 4 10.0 4 
224 Predator abundance 4 10.0 4 
225 Predator abundance 4 10.0 4 
226 Predator abundance 4 10.0 4 
227 Predator abundance 5 20.0 5 
228 Predator abundance 5 20.0 5 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
229 Predator abundance 3 5.0 3 
230 Predator abundance 3 5.0 3 
231 Predator abundance 3 5.0 3 
232 Predator abundance 3 5.0 3 
233 Predator abundance 3 5.0 3 
234 Predator abundance 3 5.0 3 
235 Predator abundance 6 70.0 7 
236 Predator abundance 6 70.0 7 
237 Predator abundance 6 70.0 7 
238 Predator abundance 6 70.0 7 
239 Predator abundance 6 70.0 7 
240 Predator abundance 6 70.0 7 
241 Predator abundance 6 70.0 7 
242 Predator abundance 6 70.0 7 
243 Predator abundance 3 5.0 3 
244 Predator abundance 3 5.0 3 
245 Dispersal 6 70.0 7 
246 Dispersal 6 70.0 7 
247 Dispersal 6 70.0 7 
248 Dispersal 6 70.0 7 
249 Dispersal 6 70.0 7 
250 Dispersal 6 70.0 7 
251 Feeding 6 70.0 7 
252 Feeding 6 70.0 7 
253 Predator abundance 6 70.0 7 
254 Predator abundance 6 70.0 7 
255 Predator abundance 6 70.0 7 
256 % Aq Biomass 1 4.2 3 
257 % Aq Biomass 1 4.2 3 
258 % Aq Biomass 1 4.2 3 
259 % Aq Biomass 1 4.2 3 
260 % Aq Biomass 1 4.2 3 
261 % Aq Biomass 1 4.2 3 
262 % Aq Biomass 1 4.2 3 
263 % Aq Biomass 1 4.2 3 
264 Dispersal 1 4.2 3 
265 Dispersal 1 4.2 3 
266 Dispersal 1 4.2 3 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
267 Dispersal 1 4.2 3 
268 Dispersal 1 4.2 3 
269 Dispersal 1 4.2 3 
270 Dispersal 1 4.2 3 
271 Dispersal 1 4.2 3 
272 % Aq Biomass 3 4.0 3 
273 % Aq Biomass 3 4.0 3 
274 % Aq Biomass 3 4.0 3 
275 % Aq Biomass 3 4.0 3 
276 Dispersal 3 4.0 3 
277 Dispersal 3 4.0 3 
278 Dispersal 3 4.0 3 
279 Dispersal 3 4.0 3 
280 Dispersal 3 4.0 3 
281 Dispersal 3 4.0 3 
282 Dispersal 3 4.0 3 
283 Dispersal 3 4.0 3 
284 Dispersal 3 4.0 3 
285 Dispersal 7 5000.0 7 
286 Dispersal 7 5000.0 7 
287 Dispersal 7 5000.0 7 
288 Dispersal 7 5000.0 7 
289 Dispersal 7 5000.0 7 
290 Dispersal 7 5000.0 7 
291 Dispersal 7 5000.0 7 
292 Dispersal 7 5000.0 7 
293 Dispersal 7 5000.0 7 
294 Dispersal 7 5000.0 7 
295 Dispersal 7 5000.0 7 
296 Dispersal 7 5000.0 7 
297 Dispersal 4 5.5 3 
298 Dispersal 4 5.5 3 
299 Dispersal 4 5.5 3 
300 % Aq Biomass 4 8.5 4 
301 % Aq Biomass 4 8.5 4 
302 % Aq Biomass 4 8.5 4 
303 Dispersal 4 8.5 4 
304 Dispersal 4 8.5 4 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
305 Dispersal 4 8.5 4 
306 Dispersal 1 1.5 1 
307 Dispersal 1 1.5 1 
308 Dispersal 1 1.5 1 
309 Dispersal 1 1.5 1 
310 Dispersal 1 1.5 1 
311 Dispersal 1 1.0 1 
312 Dispersal 1 1.0 1 
313 Dispersal 1 1.0 1 
314 Dispersal 1 1.0 1 
315 Dispersal 1 1.3 1 
316 Dispersal 1 1.3 1 
317 Dispersal 1 1.3 1 
318 Dispersal 1 1.3 1 
319 Dispersal 1 1.3 1 
320 Dispersal 1 1.3 1 
321 Dispersal 1 1.3 1 
322 Dispersal 1 1.3 1 
323 Dispersal 1 1.3 1 
324 Dispersal 1 1.3 1 
325 Dispersal 1 1.3 1 
326 Dispersal 1 1.3 1 
327 Dispersal 1 1.3 1 
328 Dispersal 1 1.3 1 
329 Dispersal 1 1.3 1 
330 Dispersal 1 1.3 1 
331 Dispersal 1 1.3 1 
332 Dispersal 1 1.3 1 
333 Dispersal 1 1.3 1 
334 Dispersal 1 1.3 1 
335 Dispersal 1 1.3 1 
336 Dispersal 1 1.3 1 
337 Dispersal 1 1.3 1 
338 Dispersal 1 1.3 1 
339 Dispersal 2 1.5 1 
340 Dispersal 2 1.5 1 
341 Dispersal 2 1.5 1 
342 Dispersal 2 1.5 1 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
343 Dispersal 2 1.5 1 
344 Dispersal 2 1.5 1 
345 Dispersal 2 1.5 1 
346 Dispersal 2 1.5 1 
347 Dispersal 2 1.5 1 
348 Dispersal 2 1.5 1 
349 Dispersal 2 1.5 1 
350 Dispersal 2 1.5 1 
351 Dispersal 2 1.5 1 
352 Dispersal 2 1.5 1 
353 Dispersal 2 1.5 1 
354 Dispersal 2 1.5 1 
355 Dispersal 2 1.5 1 
356 Dispersal 2 1.5 1 
357 Dispersal 2 1.5 1 
358 Dispersal 2 1.5 1 
359 Dispersal 2 1.5 1 
360 Dispersal 2 1.5 1 
361 Dispersal 2 1.5 1 
362 Dispersal 2 1.5 1 
363 Dispersal 2 1.5 1 
364 Dispersal 2 1.5 1 
365 Dispersal 2 1.5 1 
366 Dispersal 2 1.5 1 
367 Dispersal 2 1.5 1 
368 Dispersal 2 1.5 1 
369 Dispersal 4 10.0 4 
370 Dispersal 4 10.0 4 
371 Dispersal 4 10.0 4 
372 Dispersal 4 10.0 4 
373 Dispersal 4 10.0 4 
374 Dispersal 4 10.0 4 
375 Dispersal 4 10.0 4 
376 Dispersal 4 10.0 4 
377 Predator abundance 1 2.0 2 
378 Predator abundance 1 2.0 2 
379 Predator abundance 1 2.0 2 
380 Predator abundance 1 2.0 2 
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SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
381 Predator abundance 1 2.0 2 
382 Predator abundance 1 2.0 2 
383 Predator abundance 1 2.0 2 
384 Predator abundance 1 2.0 2 
385 Predator abundance 1 2.0 2 
386 Predator abundance 4 10.0 4 
387 Predator abundance 4 10.0 4 
388 Predator abundance 4 10.0 4 
389 Predator abundance 4 10.0 4 
390 Predator abundance 4 10.0 4 
391 Predator abundance 4 10.0 4 
392 Predator abundance 4 10.0 4 
393 Predator abundance 4 10.0 4 
394 Predator abundance 4 10.0 4 
395 Predator abundance 4 10.0 4 
396 Predator abundance 4 10.0 4 
397 Predator abundance 4 10.0 4 
398 Predator abundance 4 10.0 4 
399 Predator abundance 4 10.0 4 
400 Predator abundance 4 10.0 4 
401 Predator abundance 4 10.0 4 
402 Predator abundance 4 10.0 4 
403 Predator abundance 4 10.0 4 
404 Predator abundance 4 10.0 4 
405 Predator abundance 4 10.0 4 
406 Predator abundance 4 10.0 4 
407 Predator abundance 4 10.0 4 
408 Predator abundance 4 10.0 4 
409 13C 7 500.0 7 
410 13C 7 500.0 7 
411 13C 7 500.0 7 
412 13C 7 500.0 7 
413 13C 7 500.0 7 
414 Dispersal 7 500.0 7 
415 Dispersal 7 500.0 7 
416 Dispersal 7 500.0 7 
417 Dispersal 7 500.0 7 
418 Dispersal 7 500.0 7 
 197 
SUPPLEMENT 1. Columns 3–6 continued. 
Row Approach Stream order Stream width (m) Width class 
419 Toxin 7 500.0 7 
420 Toxin 7 500.0 7 
421 Toxin 7 500.0 7 
422 Toxin 7 500.0 7 
423 Toxin 7 500.0 7 
424 15N 3 4.8 3 
425 15N 3 4.8 3 
426 15N 3 4.8 3 
427 15N 3 4.8 3 
428 Predator abundance 3 4.8 3 
429 Predator abundance 3 4.8 3 
430 Predator abundance 3 4.8 3 
431 Predator abundance 3 4.8 3 
432 Dispersal 1 1.3 1 
433 Dispersal 1 1.3 1 
434 Dispersal 1 1.3 1 
435 Dispersal 1 1.3 1 
436 Dispersal 1 2.0 2 
437 Dispersal 1 2.0 2 
438 Dispersal 1 2.0 2 
439 Dispersal 1 2.0 2 
440 Dispersal 1 2.0 2 
441 Dispersal 1 2.0 2 
442 % Aq Biomass 2 5.9 3 
443 % Aq Biomass 2 5.9 3 
444 % Aq Biomass 2 5.9 3 
445 % Aq Biomass 1 1.8 1 
446 % Aq Biomass 1 1.8 1 
447 % Aq Biomass 1 1.8 1 
448 % Aq Biomass 1 3.5 2 
449 % Aq Biomass 1 3.5 2 
450 % Aq Biomass 1 3.5 2 
451 Dispersal 1 1.5 1 
452 Dispersal 1 1.5 1 
453 Dispersal 1 1.5 1 
454 Dispersal 1 1.5 1 
455 Dispersal 1 1.5 1 
456 Dispersal 1 1.5 1 
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SUPPLEMENT 1. Columns 7–9. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
1 Medium Understory Gradual 
2 Medium Understory Gradual 
3 Medium Forested Gradual 
4 Low Barren Steep 
5 Low Understory Steep 
6 Low Forested Steep 
7 High Understory Gradual 
8 High Understory Gradual 
9 High Forested Gradual 
10 Low Understory Gradual 
11 Low Understory Gradual 
12 Low Understory Gradual 
13 Low Understory Gradual 
14 Low Forested Gradual 
15 Low Forested Gradual 
16 Low Forested Gradual 
17 Low Forested Gradual 
18 Low Understory Gradual 
19 Low Understory Gradual 
20 Low Understory Gradual 
21 Low Understory Gradual 
22 Low Understory Gradual 
23 Low Understory Gradual 
24 Low Understory Gradual 
25 Low Understory Gradual 
26 Low Understory Gradual 
27 Medium Forested Gradual/Steep 
28 Medium Forested Gradual/Steep 
29 Medium Forested Gradual/Steep 
30 Medium Forested Gradual/Steep 
31 Medium Forested Gradual/Steep 
32 Medium Forested Gradual/Steep 
33 Medium Forested Gradual/Steep 
34 Medium Forested Gradual/Steep 
35 Medium Forested Gradual/Steep 
36 Medium Forested Gradual/Steep 
37 Low Forested Gradual/Steep 
38 Low Forested Gradual/Steep 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
39 Low Forested Gradual/Steep 
40 Low Forested Gradual/Steep 
41 Low Forested Gradual/Steep 
42 Low Forested Gradual/Steep 
43 Low Forested Gradual/Steep 
44 Low Forested Gradual/Steep 
45 Low Forested Gradual/Steep 
46 Low Forested Gradual/Steep 
47 Low Forested Gradual/Steep 
48 Low Forested Gradual/Steep 
49 Low Forested Gradual/Steep 
50 Low Forested Gradual/Steep 
51 Low Forested Gradual/Steep 
52 Low Forested Gradual/Steep 
53 Low Forested Gradual/Steep 
54 Low Forested Gradual/Steep 
55 Low Forested Gradual/Steep 
56 Medium Understory Gradual 
57 Medium Understory Gradual 
58 Medium Understory Gradual 
59 Medium Understory Gradual 
60 Medium Understory Gradual 
61 Medium Understory Gradual 
62 Medium Forested Gradual 
63 Medium Forested Gradual 
64 Medium Forested Gradual 
65 Medium Forested Gradual 
66 Medium Understory Gradual 
67 Medium Understory Gradual 
68 Medium Understory Gradual 
69 Medium Understory Gradual 
70 Medium Understory Gradual 
71 Medium Understory Gradual 
72 Medium Understory Gradual 
73 Medium Forested Gradual 
74 Medium Forested Gradual 
75 Medium Forested Gradual 
76 Low Understory Steep 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
77 Low Understory Steep 
78 Low Understory Steep 
79 Low Forested Steep 
80 Low Forested Steep 
81 Low Forested Steep 
82 Low Forested Steep 
83 Low Forested Steep 
84 Low Forested Steep 
85 Low Forested Steep 
86 Medium Forested Gradual 
87 Medium Forested Gradual 
88 Medium Forested Gradual 
89 Medium Forested Gradual 
90 Medium Forested Gradual 
91 Medium Forested Gradual 
92 Medium Forested Gradual 
93 Medium Forested Gradual 
94 Medium Forested Gradual 
95 Medium Forested Gradual 
96 Medium Forested Gradual 
97 Medium Forested Gradual 
98 Medium Forested Gradual 
99 Medium Forested Gradual 
100 Medium Forested Gradual 
101 Medium Forested Gradual 
102 Medium Forested Gradual 
103 Medium Forested Gradual 
104 Medium Forested Steep 
105 Medium Forested Steep 
106 Medium Forested Steep 
107 Medium Forested Steep 
108 Medium Forested Steep 
109 Medium Forested Steep 
110 High Understory Gradual 
111 High Understory Gradual 
112 High Understory Gradual 
113 High Understory Gradual 
114 High Understory Gradual 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
115 High Understory Gradual 
116 High Understory Gradual 
117 High Understory Gradual 
118 High Understory Gradual 
119 High Understory Gradual 
120 High Understory Gradual 
121 High Understory Gradual 
122 High Understory Gradual 
123 High Understory Gradual 
124 High Understory Gradual 
125 High Understory Gradual 
126 High Understory Gradual 
127 High Understory Gradual 
128 Low Understory Gradual 
129 Low Understory Gradual 
130 Low Understory Gradual 
131 Low Understory Gradual 
132 Low Understory Gradual 
133 Low Understory Gradual 
134 Low Understory Gradual 
135 Low Understory Gradual 
136 Low Understory Gradual 
137 Low Understory Gradual 
138 Low Understory Gradual 
139 Low Understory Gradual 
140 Low Understory Gradual 
141 Low Understory Gradual 
142 Low Understory Gradual 
143 Low Understory Gradual 
144 Low Forested Gradual 
145 Low Forested Gradual 
146 Low Forested Gradual 
147 Low Forested Gradual 
148 Low Forested Gradual 
149 Low Forested Gradual 
150 Low Forested Gradual 
151 Low Forested Gradual 
152 Low Forested Gradual 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
153 Low Forested Gradual 
154 Low Forested Gradual 
155 Low Forested Gradual 
156 Low Forested Gradual 
157 Low Forested Gradual 
158 Low Forested Gradual 
159 Low Forested Gradual 
160 Low Forested Gradual 
161 Low Forested Gradual 
162 Low Forested Gradual 
163 Low Forested Gradual 
164 Low Forested Gradual 
165 Low Forested Gradual 
166 Low Forested Gradual 
167 Low Forested Gradual 
168 Low Forested Gradual 
169 Low Forested Gradual 
170 Low Forested Gradual 
171 Low Forested Gradual 
172 Low Forested Gradual 
173 Low Forested Gradual 
174 Low Forested Gradual 
175 Low Forested Gradual 
176 Low Forested Gradual 
177 Low Forested Gradual 
178 Low Forested Gradual 
179 Low Forested Gradual 
180 Low Forested Gradual 
181 Low Forested Gradual 
182 Low Forested Gradual 
183 Low Forested Gradual 
184 Low Forested Gradual 
185 Low Forested Gradual 
186 Low Forested Gradual 
187 High Forested Gradual 
188 High Barren Gradual 
189 High Forested Gradual 
190 High Barren Gradual 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
191 High Forested Gradual 
192 High Barren Gradual 
193 High Forested Gradual 
194 High Barren Gradual 
195 High Forested Gradual 
196 High Barren Gradual 
197 High Forested Gradual 
198 High Barren Gradual 
199 High Forested Gradual 
200 High Barren Gradual 
201 High Forested Gradual 
202 High Barren Gradual 
203 High Forested Gradual 
204 High Barren Gradual 
205 High Forested Gradual 
206 High Barren Gradual 
207 High Forested Gradual 
208 High Barren Gradual 
209 High Forested Gradual 
210 High Barren Gradual 
211 High Forested Gradual 
212 High Barren Gradual 
213 High Forested Gradual 
214 High Barren Gradual 
215 High Forested Gradual 
216 High Barren Gradual 
217 High Forested Gradual 
218 High Barren Gradual 
219 High Forested Gradual 
220 High Barren Gradual 
221 High Forested Gradual 
222 High Barren Gradual 
223 High Forested Gradual 
224 High Barren Gradual 
225 High Forested Gradual 
226 High Barren Gradual 
227 High Understory Gradual/Steep 
228 High Understory Gradual/Steep 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
229 High Understory Gradual/Steep 
230 High Understory Gradual/Steep 
231 High Understory Gradual/Steep 
232 High Understory Gradual/Steep 
233 High Understory Gradual/Steep 
234 High Understory Gradual/Steep 
235 High Understory Gradual/Steep 
236 High Understory Gradual/Steep 
237 High Understory Gradual/Steep 
238 High Understory Gradual/Steep 
239 High Understory Gradual/Steep 
240 High Understory Gradual/Steep 
241 High Understory Gradual/Steep 
242 High Understory Gradual/Steep 
243 High Understory Gradual/Steep 
244 High Understory Gradual/Steep 
245 High Understory Gradual/Steep 
246 High Understory Gradual/Steep 
247 High Understory Gradual/Steep 
248 High Understory Gradual/Steep 
249 High Understory Gradual/Steep 
250 High Understory Gradual/Steep 
251 High Understory Gradual/Steep 
252 High Understory Gradual/Steep 
253 High Understory Gradual/Steep 
254 High Understory Gradual/Steep 
255 High Understory Gradual/Steep 
256 Low Forested Gradual 
257 Low Forested Gradual 
258 Low Forested Gradual 
259 Low Forested Gradual 
260 Low Forested Gradual 
261 Low Forested Gradual 
262 Low Forested Gradual 
263 Low Forested Gradual 
264 Low Forested Gradual 
265 Low Forested Gradual 
266 Low Forested Gradual 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
267 Low Forested Gradual 
268 Low Forested Gradual 
269 Low Forested Gradual 
270 Low Forested Gradual 
271 Low Forested Gradual 
272 Medium Forested Steep 
273 Medium Forested Steep 
274 Medium Forested Steep 
275 Medium Forested Steep 
276 Medium Forested Steep 
277 Medium Forested Steep 
278 Medium Forested Steep 
279 Medium Forested Steep 
280 Medium Forested Steep 
281 Medium Forested Steep 
282 Medium Forested Steep 
283 Medium Forested Steep 
284 Medium Forested Steep 
285 Medium Understory Gradual 
286 Medium Understory Gradual 
287 Medium Understory Gradual 
288 Medium Understory Gradual 
289 Medium Understory Gradual 
290 Medium Understory Gradual 
291 Medium Understory Gradual 
292 Medium Understory Gradual 
293 Medium Understory Gradual 
294 Medium Understory Gradual 
295 Medium Understory Gradual 
296 Medium Understory Gradual 
297 Low Barren Gradual 
298 Low Forested Gradual 
299 Low Forested Gradual 
300 High Forested Gradual 
301 High Forested Gradual 
302 High Understory Gradual 
303 High Forested Gradual 
304 High Forested Gradual 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
305 High Understory Gradual 
306 Low Forested Gradual/Steep 
307 Low Forested Gradual/Steep 
308 Low Forested Gradual/Steep 
309 Low Forested Gradual/Steep 
310 Low Forested Gradual/Steep 
311 Low Forested Gradual 
312 Low Forested Gradual 
313 Low Forested Gradual 
314 Low Forested Gradual 
315 Low Forested Gradual/Steep 
316 Low Forested Gradual/Steep 
317 Low Forested Gradual/Steep 
318 Low Understory Gradual/Steep 
319 Low Forested Gradual/Steep 
320 Low Understory Gradual/Steep 
321 Low Forested Gradual/Steep 
322 Low Understory Gradual/Steep 
323 Low Forested Gradual/Steep 
324 Low Understory Gradual/Steep 
325 Low Forested Gradual/Steep 
326 Low Understory Gradual/Steep 
327 Low Forested Gradual/Steep 
328 Low Forested Gradual/Steep 
329 Low Forested Gradual/Steep 
330 Low Understory Gradual/Steep 
331 Low Forested Gradual/Steep 
332 Low Understory Gradual/Steep 
333 Low Forested Gradual/Steep 
334 Low Understory Gradual/Steep 
335 Low Forested Gradual/Steep 
336 Low Understory Gradual/Steep 
337 Low Forested Gradual/Steep 
338 Low Understory Gradual/Steep 
339 Medium Understory Gradual/Steep 
340 Medium Understory Gradual/Steep 
341 Medium Understory Gradual/Steep 
342 Medium Understory Gradual/Steep 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
343 Medium Understory Gradual/Steep 
344 Medium Understory Gradual/Steep 
345 Medium Understory Gradual/Steep 
346 Medium Understory Gradual/Steep 
347 Medium Understory Gradual/Steep 
348 Medium Understory Gradual/Steep 
349 Medium Understory Gradual/Steep 
350 Medium Understory Gradual/Steep 
351 Medium Understory Gradual/Steep 
352 Medium Understory Gradual/Steep 
353 Medium Understory Gradual/Steep 
354 Medium Understory Gradual/Steep 
355 Medium Understory Gradual/Steep 
356 Medium Understory Gradual/Steep 
357 Medium Understory Gradual/Steep 
358 Medium Understory Gradual/Steep 
359 Medium Understory Gradual/Steep 
360 Medium Understory Gradual/Steep 
361 Medium Understory Gradual/Steep 
362 Medium Understory Gradual/Steep 
363 Medium Understory Gradual/Steep 
364 Medium Understory Gradual/Steep 
365 Medium Understory Gradual/Steep 
366 Medium Understory Gradual/Steep 
367 Medium Understory Gradual/Steep 
368 Medium Understory Gradual/Steep 
369 High Barren Gradual 
370 High Barren Gradual 
371 High Barren Gradual 
372 High Barren Gradual 
373 High Forested Gradual 
374 High Forested Gradual 
375 High Forested Gradual 
376 High Forested Gradual 
377 Low Forested Gradual 
378 Low Forested Gradual 
379 Low Forested Gradual 
380 Low Forested Gradual 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
381 Low Forested Gradual 
382 Low Forested Gradual 
383 Low Forested Gradual 
384 Low Forested Gradual 
385 Low Forested Gradual 
386 High Barren Gradual 
387 High Barren Gradual 
388 High Barren Gradual 
389 High Barren Gradual 
390 High Barren Gradual 
391 High Barren Gradual 
392 High Forested Gradual 
393 High Forested Gradual 
394 High Barren Gradual 
395 High Barren Gradual 
396 High Barren Gradual 
397 High Barren Gradual 
398 High Barren Gradual 
399 High Barren Gradual 
400 High Barren Gradual 
401 High Barren Gradual 
402 High Forested Gradual 
403 High Forested Gradual 
404 High Barren Gradual 
405 High Forested Gradual 
406 High Forested Gradual 
407 High Forested Gradual 
408 High Forested Gradual 
409 High Forested Gradual 
410 High Forested Gradual 
411 High Forested Gradual 
412 High Forested Gradual 
413 High Forested Gradual 
414 High Forested Gradual 
415 High Forested Gradual 
416 High Forested Gradual 
417 High Forested Gradual 
418 High Forested Gradual 
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SUPPLEMENT 1. Columns 7–9 continued. 
Row Aquatic productivity Terrestrial vegetation Bank structure 
419 High Forested Gradual 
420 High Forested Gradual 
421 High Forested Gradual 
422 High Forested Gradual 
423 High Forested Gradual 
424 High Barren Gradual 
425 High Barren Gradual 
426 High Barren Gradual 
427 High Barren Gradual 
428 High Barren Gradual 
429 High Barren Gradual 
430 High Barren Gradual 
431 High Barren Gradual 
432 High Forested Gradual 
433 High Forested Gradual 
434 High Forested Gradual 
435 High Forested Gradual 
436 High Forested Gradual 
437 High Forested Gradual 
438 High Forested Gradual 
439 High Forested Gradual 
440 High Forested Gradual 
441 High Forested Gradual 
442 High Understory Gradual 
443 High Forested Gradual 
444 High Forested Gradual 
445 High Forested Gradual/Steep 
446 High Forested Gradual/Steep 
447 High Forested Gradual/Steep 
448 High Understory Gradual 
449 High Forested Gradual 
450 High Forested Gradual 
451 Low Forested Gradual/Steep 
452 Low Forested Gradual/Steep 
453 Low Forested Gradual/Steep 
454 Low Forested Gradual/Steep 
455 Low Forested Gradual/Steep 
456 Low Forested Gradual/Steep 
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SUPPLEMENT 1. Columns 10–12. 
Row Stream geomorphology Climate Focal organism 
1 Straight/Meandering Temperate Spiders 
2 Straight/Meandering Temperate Spiders 
3 Straight/Meandering Temperate Spiders 
4 Straight/Meandering Temperate Spiders 
5 Straight/Meandering Temperate Spiders 
6 Straight/Meandering Temperate Spiders 
7 Straight/Meandering Temperate Spiders 
8 Straight/Meandering Temperate Spiders 
9 Straight/Meandering Temperate Spiders 
10 Straight/Meandering Temperate Stoneflies 
11 Straight/Meandering Temperate Stoneflies 
12 Straight/Meandering Temperate Stoneflies 
13 Straight/Meandering Temperate Stoneflies 
14 Straight/Meandering Temperate Stoneflies 
15 Straight/Meandering Temperate Stoneflies 
16 Straight/Meandering Temperate Stoneflies 
17 Straight/Meandering Temperate Stoneflies 
18 Straight/Meandering Temperate Stoneflies 
19 Straight/Meandering Temperate Stoneflies 
20 Straight/Meandering Temperate Stoneflies 
21 Straight/Meandering Temperate Stoneflies 
22 Straight/Meandering Temperate Spiders 
23 Straight/Meandering Temperate Spiders 
24 Straight/Meandering Temperate Spiders 
25 Straight/Meandering Temperate Spiders 
26 Straight/Meandering Temperate Spiders 
27 Straight/Meandering Temperate Spiders 
28 Straight/Meandering Temperate Spiders 
29 Straight/Meandering Temperate Spiders 
30 Straight/Meandering Temperate Spiders 
31 Straight/Meandering Temperate Spiders 
32 Straight/Meandering Temperate Spiders 
33 Straight/Meandering Temperate Spiders 
34 Straight/Meandering Temperate Spiders 
35 Straight/Meandering Temperate Spiders 
36 Straight/Meandering Temperate Spiders 
37 Straight Tropical All Aquatics 
38 Straight Tropical All Aquatics 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
39 Straight Tropical All Aquatics 
40 Straight Tropical All Aquatics 
41 Straight Tropical All Aquatics 
42 Straight Tropical All Aquatics 
43 Straight Tropical All Aquatics 
44 Straight Tropical All Aquatics 
45 Straight Tropical All Aquatics 
46 Straight Tropical All Aquatics 
47 Straight Tropical All Aquatics 
48 Straight Tropical All Aquatics 
49 Straight Tropical All Aquatics 
50 Straight Tropical All Aquatics 
51 Straight Tropical All Aquatics 
52 Straight Tropical All Aquatics 
53 Straight Tropical All Aquatics 
54 Straight Tropical All Aquatics 
55 Straight Tropical All Aquatics 
56 Straight Temperate Caddisflies 
57 Straight Temperate Caddisflies 
58 Straight Temperate Caddisflies 
59 Straight Temperate Caddisflies 
60 Straight Temperate Caddisflies 
61 Straight Temperate Caddisflies 
62 Straight Temperate Caddisflies 
63 Straight Temperate Caddisflies 
64 Straight Temperate Caddisflies 
65 Straight Temperate Caddisflies 
66 Straight Temperate Caddisflies 
67 Straight Temperate Caddisflies 
68 Straight Temperate Caddisflies 
69 Straight Temperate Caddisflies 
70 Straight Temperate Caddisflies 
71 Straight Temperate Caddisflies 
72 Straight Temperate Caddisflies 
73 Straight Temperate Caddisflies 
74 Straight Temperate Caddisflies 
75 Straight Temperate Caddisflies 
76 Straight/Meandering Temperate Caddisflies 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
77 Straight/Meandering Temperate Caddisflies 
78 Straight/Meandering Temperate Caddisflies 
79 Straight/Meandering Temperate Caddisflies 
80 Straight/Meandering Temperate Caddisflies 
81 Straight/Meandering Temperate Caddisflies 
82 Straight/Meandering Temperate Caddisflies 
83 Straight/Meandering Temperate Caddisflies 
84 Straight/Meandering Temperate Caddisflies 
85 Straight/Meandering Temperate Caddisflies 
86 Straight/Meandering Temperate Chironomids 
87 Straight/Meandering Temperate Chironomids 
88 Straight/Meandering Temperate Chironomids 
89 Straight/Meandering Temperate Mayflies 
90 Straight/Meandering Temperate Mayflies 
91 Straight/Meandering Temperate Mayflies 
92 Straight/Meandering Temperate Stoneflies 
93 Straight/Meandering Temperate Stoneflies 
94 Straight/Meandering Temperate Stoneflies 
95 Straight/Meandering Temperate Chironomids 
96 Straight/Meandering Temperate Chironomids 
97 Straight/Meandering Temperate Chironomids 
98 Straight/Meandering Temperate Mayflies 
99 Straight/Meandering Temperate Mayflies 
100 Straight/Meandering Temperate Mayflies 
101 Straight/Meandering Temperate Stoneflies 
102 Straight/Meandering Temperate Stoneflies 
103 Straight/Meandering Temperate Stoneflies 
104 Straight/Meandering Temperate Chironomids 
105 Straight/Meandering Temperate Chironomids 
106 Straight/Meandering Temperate Chironomids 
107 Straight/Meandering Temperate Mayflies 
108 Straight/Meandering Temperate Mayflies 
109 Straight/Meandering Temperate Mayflies 
110 Straight Temperate Chironomids 
111 Straight Temperate Chironomids 
112 Straight Temperate Chironomids 
113 Straight Temperate Chironomids 
114 Straight Temperate Chironomids 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
115 Straight Temperate Chironomids 
116 Straight Temperate Chironomids 
117 Straight Temperate Chironomids 
118 Straight Temperate Chironomids 
119 Straight Temperate Chironomids 
120 Straight Temperate Chironomids 
121 Straight Temperate Chironomids 
122 Straight Temperate Chironomids 
123 Straight Temperate Chironomids 
124 Straight Temperate Chironomids 
125 Straight Temperate Chironomids 
126 Straight Temperate Chironomids 
127 Straight Temperate Chironomids 
128 Straight/Meandering Alpine Black flies 
129 Straight/Meandering Alpine Black flies 
130 Straight/Meandering Alpine Black flies 
131 Straight/Meandering Alpine Black flies 
132 Straight/Meandering Alpine Caddisflies 
133 Straight/Meandering Alpine Caddisflies 
134 Straight/Meandering Alpine Caddisflies 
135 Straight/Meandering Alpine Caddisflies 
136 Straight/Meandering Alpine Mayflies 
137 Straight/Meandering Alpine Mayflies 
138 Straight/Meandering Alpine Mayflies 
139 Straight/Meandering Alpine Mayflies 
140 Straight/Meandering Alpine Stoneflies 
141 Straight/Meandering Alpine Stoneflies 
142 Straight/Meandering Alpine Stoneflies 
143 Straight/Meandering Alpine Stoneflies 
144 Straight Alpine Caddisflies 
145 Straight Alpine Caddisflies 
146 Straight Alpine Caddisflies 
147 Straight Temperate Caddisflies 
148 Straight Temperate Caddisflies 
149 Straight Temperate Caddisflies 
150 Straight Temperate Caddisflies 
151 Straight Temperate Caddisflies 
152 Straight Temperate Stoneflies 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
153 Straight Temperate Stoneflies 
154 Straight Temperate Stoneflies 
155 Straight Temperate Stoneflies 
156 Straight Temperate Stoneflies 
157 Straight Temperate Caddisflies 
158 Straight Temperate Caddisflies 
159 Straight Temperate Caddisflies 
160 Straight Temperate Caddisflies 
161 Straight Temperate Caddisflies 
162 Straight Temperate Stoneflies 
163 Straight Temperate Stoneflies 
164 Straight Temperate Stoneflies 
165 Straight Temperate Stoneflies 
166 Straight Temperate Stoneflies 
167 Straight Temperate Caddisflies 
168 Straight Temperate Caddisflies 
169 Straight Temperate Caddisflies 
170 Straight Temperate Caddisflies 
171 Straight Temperate Caddisflies 
172 Straight Temperate Stoneflies 
173 Straight Temperate Stoneflies 
174 Straight Temperate Stoneflies 
175 Straight Temperate Stoneflies 
176 Straight Temperate Stoneflies 
177 Straight Temperate Caddisflies 
178 Straight Temperate Caddisflies 
179 Straight Temperate Caddisflies 
180 Straight Temperate Caddisflies 
181 Straight Temperate Caddisflies 
182 Straight Temperate Stoneflies 
183 Straight Temperate Stoneflies 
184 Straight Temperate Stoneflies 
185 Straight Temperate Stoneflies 
186 Straight Temperate Stoneflies 
187 Meandering Temperate All Aquatics 
188 Meandering Temperate All Aquatics 
189 Meandering Temperate All Aquatics 
190 Meandering Temperate All Aquatics 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
191 Meandering Temperate All Aquatics 
192 Meandering Temperate All Aquatics 
193 Meandering Temperate All Aquatics 
194 Meandering Temperate All Aquatics 
195 Meandering Temperate All Aquatics 
196 Meandering Temperate All Aquatics 
197 Meandering Temperate All Aquatics 
198 Meandering Temperate All Aquatics 
199 Meandering Temperate All Aquatics 
200 Meandering Temperate All Aquatics 
201 Meandering Temperate All Aquatics 
202 Meandering Temperate All Aquatics 
203 Meandering Temperate All Aquatics 
204 Meandering Temperate All Aquatics 
205 Meandering Temperate All Aquatics 
206 Meandering Temperate All Aquatics 
207 Meandering Temperate All Aquatics 
208 Meandering Temperate All Aquatics 
209 Meandering Temperate All Aquatics 
210 Meandering Temperate All Aquatics 
211 Meandering Temperate All Aquatics 
212 Meandering Temperate All Aquatics 
213 Meandering Temperate All Aquatics 
214 Meandering Temperate All Aquatics 
215 Meandering Temperate All Aquatics 
216 Meandering Temperate All Aquatics 
217 Meandering Temperate All Aquatics 
218 Meandering Temperate All Aquatics 
219 Meandering Temperate Bats 
220 Meandering Temperate Bats 
221 Meandering Temperate Bats 
222 Meandering Temperate Bats 
223 Meandering Temperate Bats 
224 Meandering Temperate Bats 
225 Meandering Temperate Bats 
226 Meandering Temperate Bats 
227 Straight Temperate Spiders 
228 Straight Temperate Spiders 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
229 Straight Temperate Spiders 
230 Straight Temperate Spiders 
231 Straight Temperate Spiders 
232 Straight Temperate Spiders 
233 Straight Temperate Spiders 
234 Straight Temperate Spiders 
235 Straight Temperate Spiders 
236 Straight Temperate Spiders 
237 Straight Temperate Spiders 
238 Straight Temperate Spiders 
239 Straight Temperate Spiders 
240 Straight Temperate Spiders 
241 Straight Temperate Spiders 
242 Straight Temperate Spiders 
243 Straight Temperate Spiders 
244 Straight Temperate Spiders 
245 Straight Temperate Caddisflies 
246 Straight Temperate Caddisflies 
247 Straight Temperate Caddisflies 
248 Straight Temperate Chironomids 
249 Straight Temperate Chironomids 
250 Straight Temperate Chironomids 
251 Straight Temperate Spiders/Beetles 
252 Straight Temperate Spiders/Beetles 
253 Straight Temperate Spiders/Beetles 
254 Straight Temperate Spiders/Beetles 
255 Straight Temperate Spiders/Beetles 
256 Meandering Temperate All Aquatics 
257 Meandering Temperate All Aquatics 
258 Meandering Temperate All Aquatics 
259 Meandering Temperate All Aquatics 
260 Meandering Temperate All Aquatics 
261 Meandering Temperate All Aquatics 
262 Meandering Temperate All Aquatics 
263 Meandering Temperate All Aquatics 
264 Meandering Temperate All Aquatics 
265 Meandering Temperate All Aquatics 
266 Meandering Temperate All Aquatics 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
267 Meandering Temperate All Aquatics 
268 Meandering Temperate All Aquatics 
269 Meandering Temperate All Aquatics 
270 Meandering Temperate All Aquatics 
271 Meandering Temperate All Aquatics 
272 Straight Temperate All Aquatics 
273 Straight Temperate All Aquatics 
274 Straight Temperate All Aquatics 
275 Straight Temperate All Aquatics 
276 Straight Temperate Caddisflies 
277 Straight Temperate Caddisflies 
278 Straight Temperate Caddisflies 
279 Straight Temperate Chironomids 
280 Straight Temperate Chironomids 
281 Straight Temperate Chironomids 
282 Straight Temperate Mayflies 
283 Straight Temperate Mayflies 
284 Straight Temperate Mayflies 
285 Straight Temperate Caddisflies 
286 Straight Temperate Caddisflies 
287 Straight Temperate Caddisflies 
288 Straight Temperate Caddisflies 
289 Straight Temperate Caddisflies 
290 Straight Temperate Caddisflies 
291 Straight Temperate Mayflies 
292 Straight Temperate Mayflies 
293 Straight Temperate Mayflies 
294 Straight Temperate Mayflies 
295 Straight Temperate Mayflies 
296 Straight Temperate Mayflies 
297 Straight Temperate Stoneflies 
298 Straight Temperate Stoneflies 
299 Straight Temperate Stoneflies 
300 Straight Tropical All Aquatics 
301 Straight Tropical All Aquatics 
302 Straight Tropical All Aquatics 
303 Straight Tropical All Aquatics 
304 Straight Tropical All Aquatics 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
305 Straight Tropical All Aquatics 
306 Meandering Temperate Stoneflies 
307 Meandering Temperate Stoneflies 
308 Meandering Temperate Stoneflies 
309 Meandering Temperate Stoneflies 
310 Meandering Temperate Stoneflies 
311 Straight Temperate Caddisflies 
312 Straight Temperate Caddisflies 
313 Straight Temperate Caddisflies 
314 Straight Temperate Caddisflies 
315 Straight/Meandering Temperate Caddisflies 
316 Straight/Meandering Temperate Caddisflies 
317 Straight/Meandering Temperate Caddisflies 
318 Straight/Meandering Temperate Caddisflies 
319 Straight/Meandering Temperate Caddisflies 
320 Straight/Meandering Temperate Caddisflies 
321 Straight/Meandering Temperate Caddisflies 
322 Straight/Meandering Temperate Caddisflies 
323 Straight/Meandering Temperate Caddisflies 
324 Straight/Meandering Temperate Caddisflies 
325 Straight/Meandering Temperate Caddisflies 
326 Straight/Meandering Temperate Caddisflies 
327 Straight/Meandering Temperate Stoneflies 
328 Straight/Meandering Temperate Stoneflies 
329 Straight/Meandering Temperate Stoneflies 
330 Straight/Meandering Temperate Stoneflies 
331 Straight/Meandering Temperate Stoneflies 
332 Straight/Meandering Temperate Stoneflies 
333 Straight/Meandering Temperate Stoneflies 
334 Straight/Meandering Temperate Stoneflies 
335 Straight/Meandering Temperate Stoneflies 
336 Straight/Meandering Temperate Stoneflies 
337 Straight/Meandering Temperate Stoneflies 
338 Straight/Meandering Temperate Stoneflies 
339 Straight/Meandering Temperate Caddisflies 
340 Straight/Meandering Temperate Caddisflies 
341 Straight/Meandering Temperate Caddisflies 
342 Straight/Meandering Temperate Caddisflies 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
343 Straight/Meandering Temperate Caddisflies 
344 Straight/Meandering Temperate Caddisflies 
345 Straight/Meandering Temperate Mayflies 
346 Straight/Meandering Temperate Mayflies 
347 Straight/Meandering Temperate Mayflies 
348 Straight/Meandering Temperate Mayflies 
349 Straight/Meandering Temperate Mayflies 
350 Straight/Meandering Temperate Mayflies 
351 Straight/Meandering Temperate Stoneflies 
352 Straight/Meandering Temperate Stoneflies 
353 Straight/Meandering Temperate Stoneflies 
354 Straight/Meandering Temperate Stoneflies 
355 Straight/Meandering Temperate Stoneflies 
356 Straight/Meandering Temperate Stoneflies 
357 Straight/Meandering Temperate Stoneflies 
358 Straight/Meandering Temperate Stoneflies 
359 Straight/Meandering Temperate Stoneflies 
360 Straight/Meandering Temperate Stoneflies 
361 Straight/Meandering Temperate Stoneflies 
362 Straight/Meandering Temperate Stoneflies 
363 Straight/Meandering Temperate Stoneflies 
364 Straight/Meandering Temperate Stoneflies 
365 Straight/Meandering Temperate Stoneflies 
366 Straight/Meandering Temperate Stoneflies 
367 Straight/Meandering Temperate Stoneflies 
368 Straight/Meandering Temperate Stoneflies 
369 Meandering Temperate All Aquatics 
370 Meandering Temperate All Aquatics 
371 Meandering Temperate All Aquatics 
372 Meandering Temperate All Aquatics 
373 Meandering Temperate All Aquatics 
374 Meandering Temperate All Aquatics 
375 Meandering Temperate All Aquatics 
376 Meandering Temperate All Aquatics 
377 Meandering Temperate Spiders 
378 Meandering Temperate Spiders 
379 Meandering Temperate Spiders 
380 Meandering Temperate Spiders 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
381 Meandering Temperate Spiders 
382 Meandering Temperate Spiders 
383 Meandering Temperate Spiders 
384 Meandering Temperate Spiders 
385 Meandering Temperate Spiders 
386 Meandering Temperate Bats 
387 Meandering Temperate Bats 
388 Meandering Temperate Bats 
389 Meandering Temperate Bats 
390 Meandering Temperate Bats 
391 Meandering Temperate Bats 
392 Meandering Temperate Bats 
393 Meandering Temperate Bats 
394 Meandering Temperate Spiders 
395 Meandering Temperate Spiders 
396 Meandering Temperate Spiders 
397 Meandering Temperate Spiders 
398 Meandering Temperate Spiders 
399 Meandering Temperate Spiders 
400 Meandering Temperate Spiders 
401 Meandering Temperate Spiders 
402 Meandering Temperate Spiders 
403 Meandering Temperate Spiders 
404 Meandering Temperate Spiders 
405 Meandering Temperate Spiders 
406 Meandering Temperate Spiders 
407 Meandering Temperate Spiders 
408 Meandering Temperate Spiders 
409 Straight Temperate Spiders 
410 Straight Temperate Spiders 
411 Straight Temperate Spiders 
412 Straight Temperate Spiders 
413 Straight Temperate Spiders 
414 Straight Temperate All Aquatics 
415 Straight Temperate All Aquatics 
416 Straight Temperate All Aquatics 
417 Straight Temperate All Aquatics 
418 Straight Temperate All Aquatics 
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SUPPLEMENT 1. Columns 10–12 continued. 
Row Stream geomorphology Climate Focal organism 
419 Straight Temperate Spiders 
420 Straight Temperate Spiders 
421 Straight Temperate Spiders 
422 Straight Temperate Spiders 
423 Straight Temperate Spiders 
424 Meandering Arid Spiders 
425 Meandering Arid Spiders 
426 Meandering Arid Spiders 
427 Meandering Arid Spiders 
428 Meandering Arid Spiders 
429 Meandering Arid Spiders 
430 Meandering Arid Spiders 
431 Meandering Arid Spiders 
432 Meandering Temperate Caddisflies 
433 Meandering Temperate Caddisflies 
434 Meandering Temperate Caddisflies 
435 Meandering Temperate Caddisflies 
436 Meandering Temperate Caddisflies 
437 Meandering Temperate Caddisflies 
438 Meandering Temperate Caddisflies 
439 Meandering Temperate Caddisflies 
440 Meandering Temperate Caddisflies 
441 Meandering Temperate Caddisflies 
442 Straight Temperate All Aquatics 
443 Straight Temperate All Aquatics 
444 Straight Temperate All Aquatics 
445 Straight Temperate All Aquatics 
446 Straight Temperate All Aquatics 
447 Straight Temperate All Aquatics 
448 Straight Temperate All Aquatics 
449 Straight Temperate All Aquatics 
450 Straight Temperate All Aquatics 
451 Straight Temperate Stoneflies 
452 Straight Temperate Stoneflies 
453 Straight Temperate Stoneflies 
454 Straight Temperate Stoneflies 
455 Straight Temperate Stoneflies 
456 Straight Temperate Stoneflies 
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SUPPLEMENT 1. Columns 13–15. 
Row Distance (m) Response value (raw) Effect size 
1 20 590.00 1.00 
2 30 564.00 0.96 
3 80 439.00 0.74 
4 1 1158.00 1.00 
5 3 1140.00 0.98 
6 6.5 670.00 0.58 
7 21 764.00 1.00 
8 28.5 645.00 0.84 
9 44.4 203.00 0.27 
10 2.7 161.64 1.00 
11 7.4 64.50 0.40 
12 20.1 30.34 0.19 
13 54.6 16.06 0.10 
14 2.7 78.36 1.00 
15 7.4 8.88 0.11 
16 20.1 24.72 0.32 
17 54.6 0.10 0.00 
18 2.7 124.11 1.00 
19 7.4 61.46 0.50 
20 20.1 33.10 0.27 
21 54.6 8.51 0.07 
22 0 1.00 1.00 
23 1 0.43 0.43 
24 4 0.35 0.35 
25 8 0.08 0.08 
26 20 0.02 0.02 
27 1 0.51 1.00 
28 3 0.28 0.55 
29 5 0.23 0.46 
30 7 0.09 0.18 
31 9 0.10 0.20 
32 11 0.11 0.22 
33 13 0.08 0.16 
34 15 0.13 0.27 
35 17 0.10 0.19 
36 19 0.12 0.24 
37 0 1.00 1.00 
38 1 0.33 0.33 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
39 10 0.16 0.16 
40 20 0.35 0.35 
41 0 1.00 1.00 
42 1 0.54 0.54 
43 10 0.03 0.03 
44 20 0.12 0.12 
45 0 1.00 1.00 
46 1 0.54 0.54 
47 10 0.10 0.10 
48 20 0.13 0.13 
49 50 0.10 0.10 
50 80 0.08 0.08 
51 1 488.00 1.00 
52 10 108.00 0.22 
53 20 78.50 0.16 
54 50 35.00 0.07 
55 80 21.00 0.04 
56 0 1.00 1.00 
57 10 0.32 0.32 
58 20 0.15 0.15 
59 30 0.06 0.06 
60 40 0.09 0.09 
61 50 0.06 0.06 
62 70 0.22 0.22 
63 100 0.23 0.23 
64 150 0.16 0.16 
65 200 0.22 0.22 
66 0 1.00 1.00 
67 10 0.40 0.40 
68 20 0.21 0.21 
69 30 0.10 0.10 
70 40 0.04 0.04 
71 50 0.52 0.52 
72 60 0.05 0.05 
73 70 0.17 0.17 
74 80 0.06 0.06 
75 90 0.02 0.02 
76 0 1.00 1.00 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
77 10 0.11 0.11 
78 20 0.10 0.10 
79 30 0.11 0.11 
80 40 0.06 0.06 
81 50 0.04 0.04 
82 60 0.05 0.05 
83 70 0.05 0.05 
84 80 0.03 0.03 
85 90 0.08 0.08 
86 0 54.96 1.00 
87 5 27.63 0.50 
88 25 10.50 0.19 
89 0 8.42 1.00 
90 5 2.21 0.26 
91 25 0.33 0.04 
92 0 72.54 1.00 
93 5 9.75 0.13 
94 25 1.46 0.02 
95 0 26.63 1.00 
96 5 15.79 0.59 
97 25 6.88 0.26 
98 0 2.75 1.00 
99 5 0.46 0.17 
100 25 0.54 0.20 
101 0 38.67 1.00 
102 5 6.67 0.17 
103 25 4.25 0.11 
104 0 36.00 1.00 
105 5 23.38 0.65 
106 25 12.75 0.35 
107 0 3.42 1.00 
108 5 0.42 0.12 
109 25 0.25 0.07 
110 0 11.85 1.00 
111 20 3.87 0.33 
112 40 10.85 0.92 
113 60 4.72 0.40 
114 80 0.86 0.07 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
115 100 3.15 0.27 
116 120 2.81 0.24 
117 140 0.46 0.04 
118 160 1.39 0.12 
119 180 2.46 0.21 
120 200 0.68 0.06 
121 220 1.98 0.17 
122 260 0.60 0.05 
123 280 1.19 0.10 
124 340 0.39 0.03 
125 420 0.38 0.03 
126 480 0.88 0.07 
127 500 0.07 0.01 
128 1 65.30 0.54 
129 10 74.12 0.61 
130 30 24.57 0.20 
131 60 121.85 1.00 
132 1 58.65 1.00 
133 10 51.19 0.87 
134 30 33.68 0.57 
135 60 6.44 0.11 
136 1 55.91 1.00 
137 10 17.87 0.32 
138 30 13.71 0.25 
139 60 7.90 0.14 
140 1 179.71 1.00 
141 10 86.94 0.48 
142 30 35.38 0.20 
143 60 41.31 0.23 
144 0 3129.50 1.00 
145 40 719.00 0.23 
146 80 631.50 0.20 
147 4 54.12 1.00 
148 37 0.57 0.01 
149 38 3.05 0.06 
150 63 0.99 0.02 
151 73 0.00 0.00 
152 1 101.58 1.00 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
153 19 3.17 0.03 
154 26 2.76 0.03 
155 42 1.85 0.02 
156 44 1.14 0.01 
157 2 34.01 1.00 
158 18 5.69 0.17 
159 24 0.48 0.01 
160 49 1.15 0.03 
161 51 0.00 0.00 
162 7 14.59 0.94 
163 14 15.50 1.00 
164 26 1.46 0.09 
165 34 2.66 0.17 
166 47 1.65 0.11 
167 4 31.33 1.00 
168 37 1.34 0.04 
169 38 1.52 0.05 
170 63 0.00 0.00 
171 73 0.45 0.01 
172 1 102.50 1.00 
173 19 0.67 0.01 
174 26 1.02 0.01 
175 42 0.33 0.00 
176 44 0.65 0.01 
177 2 53.29 1.00 
178 18 20.60 0.39 
179 24 5.14 0.10 
180 49 0.58 0.01 
181 51 0.87 0.02 
182 7 16.22 0.82 
183 14 19.72 1.00 
184 26 2.69 0.14 
185 34 6.45 0.33 
186 47 2.82 0.14 
187 0 0.78 1.00 
188 0 0.82 1.00 
189 1 0.65 0.83 
190 1 0.64 0.78 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
191 2 0.50 0.64 
192 2 0.68 0.83 
193 3 0.42 0.54 
194 3 0.73 0.89 
195 5 0.63 0.81 
196 5 0.72 0.88 
197 10 0.43 0.55 
198 10 0.54 0.65 
199 25 0.52 0.66 
200 25 0.43 0.52 
201 50 0.51 0.65 
202 50 0.34 0.42 
203 0 215.98 1.00 
204 0 343.80 1.00 
205 1 72.60 0.34 
206 1 110.57 0.32 
207 2 49.02 0.23 
208 2 92.83 0.27 
209 3 54.38 0.25 
210 3 74.90 0.22 
211 5 67.95 0.31 
212 5 65.27 0.19 
213 10 32.37 0.15 
214 10 67.32 0.20 
215 25 22.83 0.11 
216 25 39.02 0.11 
217 50 25.20 0.12 
218 50 30.05 0.09 
219 1 19.20 1.00 
220 1 11.80 1.00 
221 10 5.40 0.28 
222 10 5.55 0.47 
223 25 0.50 0.03 
224 25 0.60 0.05 
225 50 0.50 0.03 
226 50 0.70 0.06 
227 0 113.76 1.00 
228 40 9.97 0.09 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
229 0 106.20 1.00 
230 40 31.45 0.30 
231 0 49.96 1.00 
232 40 25.47 0.51 
233 0 39.45 1.00 
234 40 28.57 0.72 
235 0 130.34 1.00 
236 40 54.38 0.42 
237 0 27.12 1.00 
238 40 21.25 0.78 
239 0 47.99 0.67 
240 40 71.97 1.00 
241 0 81.35 1.00 
242 40 7.38 0.09 
243 0 43.00 1.00 
244 40 16.93 0.39 
245 0 1.80 1.00 
246 30 0.08 0.04 
247 60 0.09 0.05 
248 0 2.50 1.00 
249 30 0.90 0.36 
250 60 0.70 0.28 
251 0 0.46 1.00 
252 45 0.21 0.47 
253 0 36.00 1.00 
254 30 21.80 0.61 
255 60 19.00 0.53 
256 0 0.57 1.00 
257 1 0.48 0.84 
258 2 0.29 0.52 
259 5 0.24 0.43 
260 10 0.13 0.23 
261 15 0.11 0.19 
262 30 0.31 0.55 
263 60 0.23 0.41 
264 0 6.59 1.00 
265 1 2.84 0.43 
266 2 1.67 0.25 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
267 5 1.27 0.19 
268 10 0.54 0.08 
269 15 0.78 0.12 
270 30 0.79 0.12 
271 60 0.62 0.09 
272 0 1.00 1.00 
273 5 0.25 0.25 
274 40 0.30 0.30 
275 150 0.11 0.11 
276 5 21.79 1.00 
277 40 11.67 0.54 
278 150 5.19 0.24 
279 5 12.25 1.00 
280 40 9.67 0.79 
281 150 7.89 0.64 
282 5 2.00 0.29 
283 40 6.83 1.00 
284 150 0.00 0.00 
285 0 83574.57 1.00 
286 78 64059.41 0.77 
287 625 51314.01 0.61 
288 1250 35798.57 0.43 
289 2500 33148.25 0.40 
290 5000 12419.63 0.15 
291 0 1.00 1.00 
292 78 0.45 0.45 
293 625 0.10 0.10 
294 1250 0.25 0.25 
295 2500 0.02 0.02 
296 5000 0.04 0.04 
297 1 633.50 1.00 
298 15 165.48 0.26 
299 60 119.89 0.19 
300 0 0.37 1.00 
301 15 0.19 0.51 
302 160 0.23 0.61 
303 0 263.36 1.00 
304 15 51.66 0.20 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
305 160 18.36 0.07 
306 20 1.20 1.00 
307 50 0.58 0.48 
308 100 0.24 0.20 
309 150 0.08 0.07 
310 200 0.17 0.14 
311 5 4.71 1.00 
312 25 3.89 0.83 
313 50 1.00 0.21 
314 100 1.20 0.26 
315 0 7.68 0.61 
316 1 12.53 1.00 
317 15 2.51 0.20 
318 15 5.01 0.40 
319 30 1.25 0.10 
320 30 2.27 0.18 
321 45 0.25 0.02 
322 45 0.00 0.00 
323 60 0.25 0.02 
324 60 0.25 0.02 
325 75 1.49 0.12 
326 75 0.48 0.04 
327 0 996.00 1.00 
328 1 182.97 0.18 
329 15 118.22 0.12 
330 15 60.93 0.06 
331 30 49.21 0.05 
332 30 35.32 0.04 
333 45 11.86 0.01 
334 45 9.98 0.01 
335 60 8.39 0.01 
336 60 3.96 0.00 
337 75 14.23 0.01 
338 75 3.91 0.00 
339 0 113.46 1.00 
340 15 8.26 0.07 
341 30 9.58 0.08 
342 45 3.80 0.03 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
343 60 1.25 0.01 
344 75 4.19 0.04 
345 0 34.44 1.00 
346 15 4.14 0.12 
347 30 1.20 0.03 
348 45 0.66 0.02 
349 60 0.50 0.01 
350 75 1.28 0.04 
351 0 661.94 1.00 
352 15 113.84 0.17 
353 30 72.63 0.11 
354 45 21.12 0.03 
355 60 39.67 0.06 
356 75 25.24 0.04 
357 0 1863.80 1.00 
358 15 132.51 0.07 
359 30 126.70 0.07 
360 45 46.59 0.02 
361 60 20.15 0.01 
362 75 28.79 0.02 
363 0 1789.50 1.00 
364 15 506.09 0.28 
365 30 283.57 0.16 
366 45 203.45 0.11 
367 60 63.49 0.04 
368 75 82.46 0.05 
369 0 216.96 1.00 
370 2.5 107.75 0.50 
371 5 103.55 0.48 
372 10 84.95 0.39 
373 25 76.82 0.35 
374 50 58.31 0.27 
375 100 71.69 0.33 
376 200 34.39 0.16 
377 0 2.00 1.00 
378 1 0.29 0.15 
379 2.5 0.66 0.33 
380 10 0.29 0.14 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
381 0 0.50 1.00 
382 1 0.00 0.00 
383 2.5 0.00 0.00 
384 5 0.00 0.00 
385 10 0.00 0.00 
386 0 446.00 1.00 
387 10 94.50 0.21 
388 25 58.67 0.13 
389 35 2.00 0.00 
390 50 20.00 0.04 
391 75 12.00 0.03 
392 200 11.00 0.02 
393 250 32.00 0.07 
394 0 1.50 0.54 
395 0.5 1.00 0.36 
396 1 2.80 1.00 
397 2.5 1.29 0.46 
398 5 7.25 0.44 
399 5 2.28 0.82 
400 10 0.30 0.11 
401 25 11.58 0.70 
402 25 0.29 0.10 
403 50 0.00 0.00 
404 60 13.74 0.82 
405 100 0.00 0.00 
406 160 16.67 1.00 
407 200 0.29 0.10 
408 255 13.29 0.80 
409 0 0.84 1.00 
410 5 0.25 0.30 
411 10 0.39 0.46 
412 20 0.33 0.40 
413 30 0.24 0.29 
414 0 0.41 1.00 
415 5 0.06 0.15 
416 10 0.00 0.00 
417 20 0.02 0.05 
418 30 0.00 0.00 
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SUPPLEMENT 1. Columns 13–15 continued. 
Row Distance (m) Response value (raw) Effect size 
419 0 2266.67 1.00 
420 5 0.00 0.00 
421 10 0.00 0.00 
422 20 72.00 0.03 
423 30 0.00 0.00 
424 0 0.19 1.00 
425 10 0.05 0.29 
426 25 0.03 0.14 
427 50 0.00 0.00 
428 0 6.74 1.00 
429 10 1.95 0.29 
430 20 0.94 0.14 
431 50 0.94 0.14 
432 0 192.45 1.00 
433 2 19.14 0.10 
434 20 7.79 0.04 
435 40 6.66 0.03 
436 0 152.61 1.00 
437 50 106.24 0.70 
438 150 81.11 0.53 
439 250 89.12 0.58 
440 500 82.28 0.54 
441 1000 43.63 0.29 
442 0 72.58 1.00 
443 10 40.59 0.56 
444 40 30.32 0.42 
445 0 35.24 1.00 
446 10 17.06 0.48 
447 40 15.61 0.44 
448 0 35.35 0.98 
449 10 36.00 1.00 
450 40 24.81 0.69 
451 0 41.45 1.00 
452 1 32.97 0.80 
453 2 18.26 0.44 
454 4 5.88 0.14 
455 8 1.39 0.03 
456 16 0.44 0.01 
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SUPPLEMENT 1. Column 16. 
Row Comments 
1 See 0 m River Helge row. 
2 See 0 m row. 
3 See 0 m row. 
4 Pitfall trapping of spiders (mostly Lycosidae and Linyphiidae). 
Inferred terrestrial vegetation from description of sampling sites. 
Stream widths estimated from Google Earth images. Other 
stream characteristics not listed in paper are from personal 
correspondence with the author. Data from Table 1. 
5 See 0 m row. 
6 See 0 m row. 
7 See 0 m River Helge row. 
8 See 0 m row. 
9 See 0 m row. 
10 Values in abundance (# individuals). All stoneflies (Leuctridae). 
Authors distinguish between 5 taxa, all combined here. Assumed 
bank and stream geomorphology from maps and photos. Authors 
compute inverse power curves for each taxa/stream combination 
(see ref). Afon Gwy is Moor/pasture, while Afon Hore is pasture 
(both defined here as "Understory." Afon Haren is spruce. Data 
from Datathief on Fig. 3. Best fit by power. 
11 See 0 m row. 
12 See 0 m row. 
13 See 0 m row. 
14 See 0 m row. 
15 See 0 m row. 
16 See 0 m row. 
17 See 0 m row. 
18 See 0 m row for Afon Gwy stream. Best fit by power. 
19 See 0 m row. 
20 See 0 m row. 
21 See 0 m row. 
22 4 transects. 15N injection used. Riparian forest. Assumed bank 
and stream geomorphology from maps and photos. Leuctridae 
stoneflies and Lycosidae spiders only. Added 0 m row for the 
sake of curve fitting, assuming in-stream value of 100%. Data 
from Datathief on Fig. 3. Authors found exponential curve to fit 
best, better than power. Best fit by exponential, and did try 
power. 
23 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
24 See 0 m row. 
25 See 0 m row. 
26 See 0 m row. 
27 Averages of 37 streams (no individual data provided in paper). 
Stream orders all 1-2 (rounded up). Spider web density with 
distance from stream. Range of stream productivities, and likely 
bank and stream geomorphologies (averaged). Data from 
Datathief on Fig 5. Best fit by power. 
28 See 0 m row. 
29 See 0 m row. 
30 See 0 m row. 
31 See 0 m row. 
32 See 0 m row. 
33 See 0 m row. 
34 See 0 m row. 
35 See 0 m row. 
36 See 0 m row. 
37 See 0 m row for Tai Po Kau Forest Stream. Best fit by power. 
38 See 0 m row. 
39 See 0 m row. 
40 See 0 m row. 
41 See 0 m row. 
42 See 0 m row. 
43 See 0 m row. 
44 See 0 m row. 
45 4 sites on 3 streams; sites on same stream are combined. Sampled 
over 2 years; samples on same stream across years are combined. 
Aquatic insect dispersal distances, as well as % of aquatic 
biomass (relative to total) collected in light traps. Used wet 
(summer) season data only (seems more relevant, higher aquatic 
incorporation). Says decline follows a power law. Stream 
characteristics not listed in paper are from personal 
correspondence with the author. Added 0 m rows for the sake of 
curve-fitting, assuming in-stream is 100% aquatic. Data from 
Table 5 and Datathief on Fig. 1. Best fit by power. 
46 See 0 m row. 
47 See 0 m row. 
48 See 0 m row. 
49 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
50 See 0 m row. 
51 See 0 m row for % Aquatic Biomass in Tai Po Kau Forest 
Stream. Unsure if this is just for this stream or all 4 combined. 
Best fit by power. 
52 See 0 m row. 
53 See 0 m row. 
54 See 0 m row. 
55 See 0 m row. 
56 See 0 m Whakakai Stream row. Native forest 0-60 m, then 
Eucalyptus to 200 m. Best fit by exponential, but didn't try 
others? 
57 See 0 m row. 
58 See 0 m row. 
59 See 0 m row. 
60 See 0 m row. 
61 See 0 m row. 
62 See 0 m row. 
63 See 0 m row. 
64 See 0 m row. 
65 See 0 m row. 
66 See 0 m Whakakai Stream row. Native forest 0-50 m, then 
wetland shrubs to 70 m, then native forest to 200 m. Best fit by 
exponential, but didn't try others? 
67 See 0 m row. 
68 See 0 m row. 
69 See 0 m row. 
70 See 0 m row. 
71 See 0 m row. 
72 See 0 m row. 
73 See 0 m row. 
74 See 0 m row. 
75 See 0 m row. 
76 Sticky traps and light traps. Native podocarp/tree fern forest to 
200 m. Data shown as aquatic abundance relative to 0 m 
collection datum. Stream characteristics not listed in paper are 
from personal correspondence with the author. Data from 
Datathief on Fig. 3. Best fit by exponential, but didn't try others? 
77 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
78 See 0 m row. 
79 See 0 m row. 
80 See 0 m row. 
81 See 0 m row. 
82 See 0 m row. 
83 See 0 m row. 
84 See 0 m row. 
85 See 0 m row. 
86 Sticky trapping in late summer 2008 and late spring/early 
summer 2009. Mostly Chironomids, but trace amounts of other 
Diptera as well. Traps deployed on 6 transects per stream and 
harvested every 2 weeks. Data unpublished, stream 
characteristics all from author. 
87 See 0 m row. 
88 See 0 m row. 
89 See 0 m Chironomidae row. 
90 See 0 m row. 
91 See 0 m row. 
92 See 0 m Chironomidae row. 
93 See 0 m row. 
94 See 0 m row. 
95 See 0 m Banner Creek Chironomidae row. 
96 See 0 m row. 
97 See 0 m row. 
98 See 0 m Chironomidae row. 
99 See 0 m row. 
100 See 0 m row. 
101 See 0 m Chironomidae row. 
102 See 0 m row. 
103 See 0 m row. 
104 See 0 m Banner Creek Chironomidae row. 
105 See 0 m row. 
106 See 0 m row. 
107 See 0 m Chironomidae row. 
108 See 0 m row. 
109 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
110 Pan traps, entirely for Chironomidae. States that there were 
vegetational differences between stream catchments and 
differences between insect genders, but only presented pooled 
data in a way that would be useful here. All agricultural 
catchments, with hedge. Assumed stream order, width, and 
aquatic productivity based on description in paper and from 
Burel et al. 1998 (cited in paper). Data from Datathief on Fig 1. 
Best fit by exponential, but didn't try others? 
111 See 0 m row. 
112 See 0 m row. 
113 See 0 m row. 
114 See 0 m row. 
115 See 0 m row. 
116 See 0 m row. 
117 See 0 m row. 
118 See 0 m row. 
119 See 0 m row. 
120 See 0 m row. 
121 See 0 m row. 
122 See 0 m row. 
123 See 0 m row. 
124 See 0 m row. 
125 See 0 m row. 
126 See 0 m row. 
127 See 0 m row. 
128 See 0 m mayfly row. Perhaps remove these blackfly data (author 
suggests doing so in personal correspondence), and the data show 
no trend whatsoever). 
129 See 0 m row. 
130 See 0 m row. 
131 See 0 m row. 
132 See 0 m mayfly row. Best fit by exponential, and did try power. 
133 See 0 m row. 
134 See 0 m row. 
135 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
136 Malaise trapping in summers 2002/2003. Grass/willow scrub. 
Authors distinguish years because of differences in snowpack, 
and also separate E, P, T, and Simuliidae taxa. Authors found 
inverse power function fit E and P best, negative exponential best 
fit T, no line fit Simuliidae well. Stream characteristics not listed 
in paper are from personal correspondence with the author. Data 
from Datathief on Fig 3. Best fit by power. 
137 See 0 m row. 
138 See 0 m row. 
139 See 0 m row. 
140 See 0 m mayfly row. Best fit by power. 
141 See 0 m row. 
142 See 0 m row. 
143 See 0 m row. 
144 Trichoptera light trap catches from 1971 and 1972 from 6 light 
traps (2 per location, averaged). Estimated productivity, bank and 
stream geomorphology, stream order, and width from data in 
Müller 1970 and Müller-Haeckel 1970 (both cited in paper) and 
Google Earth. Breaks up by species, gender, and richness, but 
left only as total abundances here. Data from Fig 2. 
145 See 0 m row. 
146 See 0 m row. 
147 See 0 m WS1 stonefly row. Best fit by exponential, also tried 
linear. 
148 See 0 m row. 
149 See 0 m row. 
150 See 0 m row. 
151 See 0 m row. 
152 Collected stoneflies and caddisflies April-September 2001 using 
Malaise traps. Separated Leuctra by gender; combined here. All 
watersheds forested (mixed deciduous), although WS7 and 13 
were logged in 1960s and WS1 and WS4 were not. Authors 
tested linear regressions against negative exponential for each 
taxa; negative exponentials worked better. Stream characteristics 
not listed in paper are from personal correspondence with the 
author. Data from Datathief on Figs. 1-5. Best fit by exponential, 
also tried linear. 
153 See 0 m row. 
154 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
155 See 0 m row. 
156 See 0 m row. 
157 See 0 m WS1 row. Best fit by exponential, also tried linear. 
158 See 0 m row. 
159 See 0 m row. 
160 See 0 m row. 
161 See 0 m row. 
162 See 0 m WS1 row. Best fit by exponential, also tried linear. 
163 See 0 m row. 
164 See 0 m row. 
165 See 0 m row. 
166 See 0 m row. 
167 See 0 m WS1 row. Best fit by exponential, also tried linear. 
168 See 0 m row. 
169 See 0 m row. 
170 See 0 m row. 
171 See 0 m row. 
172 See 0 m WS1 row. Best fit by exponential, also tried linear. 
173 See 0 m row. 
174 See 0 m row. 
175 See 0 m row. 
176 See 0 m row. 
177 See 0 m WS1 row. Best fit by exponential, also tried linear. 
178 See 0 m row. 
179 See 0 m row. 
180 See 0 m row. 
181 See 0 m row. 
182 See 0 m WS1 row. Best fit by exponential, also tried linear. 
183 See 0 m row. 
184 See 0 m row. 
185 See 0 m row. 
186 See 0 m row. 
187 See 0 m dispersal row. Best fit by exponential, but didn't try 
others? 
188 See 0 m dispersal row. Best fit by exponential, but didn't try 
others? 
189 See 0 m row. 
190 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
191 See 0 m row. 
192 See 0 m row. 
193 See 0 m row. 
194 See 0 m row. 
195 See 0 m row. 
196 See 0 m row. 
197 See 0 m row. 
198 See 0 m row. 
199 See 0 m row. 
200 See 0 m row. 
201 See 0 m row. 
202 See 0 m row. 
203 Sticky traps of aquatic and terrestrial insects in May, July, and 
August 2006 in confined, unconfined (with alder on banks) and 
unconfined (no alder) reaches. Forest are alder &/or fir/oak, 
Barren is exposed gravel and low vegetation in floodplain. Traps 
collected every 5 d. Combined into forested or unforested 
(barren) here to avoid these data getting too much weight from so 
many data points. Data from Datathief on Supplementary Figures 
4-7. Best fit by exponential, but didn't try others? 
204 See 0 m Forested row. Best fit by exponential, but didn't try 
others? 
205 See 0 m row. 
206 See 0 m row. 
207 See 0 m row. 
208 See 0 m row. 
209 See 0 m row. 
210 See 0 m row. 
211 See 0 m row. 
212 See 0 m row. 
213 See 0 m row. 
214 See 0 m row. 
215 See 0 m row. 
216 See 0 m row. 
217 See 0 m row. 
218 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
219 See 0 m dispersal row. These data are bat abundances over the 
same time period (activity per minute). Best fit by exponential, 
but didn't try others? 
220 See 1 m row Forested Bat row. Best fit by exponential, but didn't 
try others? 
221 See 1 m row. 
222 See 1 m row. 
223 See 1 m row. 
224 See 1 m row. 
225 See 1 m row. 
226 See 1 m row. 
227 See 0 m row Main River at Wurzburg row. Width estimated from 
Google Earth 
228 See 0 m row. 
229 See 0 m row Main River at Wurzburg row. Width estimated 
based on stream order. 
230 See 0 m row. 
231 See 0 m row Main River at Wurzburg row. Width estimated 
based on stream order. 
232 See 0 m row. 
233 See 0 m row Main River at Wurzburg row. Width estimated 
based on stream order. 
234 See 0 m row. 
235 See 0 m row Main River at Wurzburg row. 
236 See 0 m row. 
237 See 0 m row Main River at Wurzburg row. 
238 See 0 m row. 
239 See 0 m row Main River at Wurzburg row. 
240 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
241 Beat nettles to sample arthropods in a unit area. Stream order 
estimates are based only on vague idea of the river system, not on 
any information from the paper. Width and riparian buffer size 
(60 m) from Henschel et al. 2001 Oikos. Productivity and stream 
and bank geomorphologies are assumptions based on the study 
system. 40 m site is actually "30-50 m." Spider and other 
predator (mostly Coleoptera) data; used only spider data here 
(more complete) to avoid redundancy. Biomass and abundance 
data available; used only biomass to avoid redundancy (and 
biomass data seemed the more reasonable metric from this 
paper). Data from Datathief on Fig. 2. 
242 See 0 m row. 
243 See 0 m row Main River at Wurzburg row. Width estimated 
based on stream order. 
244 See 0 m row. 
245 See 0 m Chironomidae row. 
246 See 0 m row. 
247 See 0 m row. 
248 See 0 m Predator Abundance row. Dispersal is actually biomass. 
Actually all collected Nematocera, but >95% of those collected 
were Chironomidae. 
249 See 0 m row. 
250 See 0 m row. 
251 Sticky traps, night sampled aquatic adults, and beat nettles. Same 
site as used in Henschel et al 1996 RevueSuisse? Feeding is % of 
observed predator feeding events that were on aquatic vs. 
terrestrial prey. Combined data from spiders, beetles, and other 
predators. 45 m is actually ">30 m" (30-60 m). Data from Table 
2. 
252 See 0 m row. 
253 See 0 m Feeding row. Predator Abundance is actually biomass. 
Data from Table 1. 
254 See 0 m row. 
255 See 0 m row. 
256 See 0 m Dispersal row. Best fit by exponential, also tried linear. 
257 See 0 m row. 
258 See 0 m row. 
259 See 0 m row. 
260 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
261 See 0 m row. 
262 See 0 m row. 
263 See 0 m row. 
264 Combines 26 sites from 8 streams in the area (data lumped in 
paper). Broad-leafed, deciduous forest. Biomass collected in 
Malaise traps. Says decline is exponential. Measures sinuosity, 
says bird abundance is related to this (less clear for 
invertebrates). Stream width is an average; stream order and 
geomorphology are modal values across all sites. Stream 
information not found in paper was from personal 
correspondence with author. Data from Datathief on Fig 1. Best 
fit by exponential, also tried linear. 
265 See 0 m row. 
266 See 0 m row. 
267 See 0 m row. 
268 See 0 m row. 
269 See 0 m row. 
270 See 0 m row. 
271 See 0 m row. 
272 See 0 m row caddisfly dispersal row. Added 0 m row here for the 
sake of curve fitting, assumed biomass in-stream was 100% 
aquatic. Best fit by linear, didn't try others? 
273 See 0 m row. 
274 See 0 m row. 
275 See 0 m row. 
276 Sticky traps hung at 2, 5, 8 m above ground (little difference 
based on height). Abundance, taxa richness, and biomass data. 
Used only abundance and % Aquatic biomass to avoid 
redundancy. Paper contains data for several different caddisfly 
taxa, broken up by gender in most cases (combined here). 
Assumed forested, although Methods describes riparian area as 
being discontinuous (says elsewhere in evergreen forest). Also 
assumed productivity and stream and bank geomorphology from 
description in paper. Data from Datathief on Fig. 1. Best fit by 
linear, didn't try others? 
277 See 0 m row. 
278 See 0 m row. 
279 See 0 m caddisfly row. Best fit by linear, didn't try others? 
280 See 0 m row. 
281 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
282 See 0 m caddisfly row. Best fit by linear, didn't try others? 
283 See 0 m row. 
284 See 0 m row. 
285 See 0 m mayfly row. Best fit by power. 
286 See 0 m row. 
287 See 0 m row. 
288 See 0 m row. 
289 See 0 m row. 
290 See 0 m row. 
291 Light trap collections of Hydropsychidae (Trichoptera) and 
Hexagenia (Ephemeroptera) in July-August 1987. Also data from 
156 and 312 m, but authors excluded based on vegetation and 
streetlight effects (also excluded here). Predominantly 
agricultural land. Also analyzed dispersal according to body size 
and gender, all combined here. Raw values are "relative 
abundance" for Hexagenia and true abundance for 
Hydropsychidae. Also collected on adjacent Lake St. Clair, only 
Detroit River data included here. Stream characteristics not listed 
in paper are from personal correspondence with the author, 
Google Earth, or a USFWS report by Manny et al. (1988) titled 
"The Detroit River, Michigan: An Ecological Profile." Data from 
Datathief on Figs 2 and 4. Best fit by exponential, and did try 
power. 
292 See 0 m row. 
293 See 0 m row. 
294 See 0 m row. 
295 See 0 m row. 
296 See 0 m row. 
297 Stoneflies from funnel traps from May to November 1981. 
Alder/willow/birch/spruce forest after 1-2 m, exposed stone 
before. Paper discusses distance differences in sex ratios and 
between stoneflies that feed vs. do not feed as adults; all 
combined here. Stream characteristics not listed in paper are 
from personal correspondence with the author. Data extracted 
using measuring tool in Adobe Photoshop on Fig. 1. 
298 See 0 m row. 
299 See 0 m row. 
300 See 0 m Dispersal row. Data from Datathief on Fig 4. 
301 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
302 See 0 m row. 
303 4 streams, data lumped in paper. Averages reported here. 
Assumed productivity and stream and bank geomorphology from 
descriptions and maps in paper and from personal 
correspondence with the author. Used Malaise and sticky 
intercept traps; only used Malaise data here to avoid redundancy. 
First 160 m is riparian forest, then savanna. Data from Datathief 
on Fig. 3 
304 See 0 m row. 
305 See 0 m row. 
306 Stoneflies captured using sticky traps. Separates mature and 
immature females and males; all combined here. Also dispersal 
data for 15N-labeled individuals, not used here to avoid 
redundancy. Estimated stream order and width from Fig. 4 bank 
geomorphology from Hubbard Brook descriptions, and stream 
geomorphology from name of steam (Zig Zag). Data from 
Datathief on Fig. 6. 
307 See 0 m row. 
308 See 0 m row. 
309 See 0 m row. 
310 See 0 m row. 
311 Sticky trapping of 2 caddisfly species. Paper also mentions 
mayflies, but no distance data presented. Little information on 
sites given; assumed all forested because traps were attached to 
trees. Also assumed productivity, banks, and geomorphology 
(short, spring-fed headwater stream). Data actually from 2 
streams, but 95% of data from Coleman Creek, so focused on 
that one. Data from Datathief on Fig. 2. Fit by linear, didn't try 
others? 
312 See 0 m row. 
313 See 0 m row. 
314 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
315 Collected Trichoptera and Plecoptera in malaise and emergence 
traps from May 1996-March 1997 and separated by gender. 
Averaged across gender here. Deciduous forest on both banks to 
2-8 m, then forested on one side and bracken fern on the other 
(broken up as Forested or Understory here accordingly). 
Assumed banks, geomorphology, and productivity based on 
description in paper and references therein. Say exponential 
decay fit most of their data best. Data from Table 1 and Datathief 
on Figs 5-6. Best fit by exponential, and did try power. 
316 See 0 m row. 
317 See 0 m row. 
318 0.5-1.5 m tall bracken fern vegetation after forested riparian zone 
of 2-8 m. See 0 m Forested row for other study attributes. 
319 See 0 m row. 
320 See 15 m row. 
321 See 0 m row. 
322 See 15 m row. 
323 See 0 m row. 
324 See 15 m row. 
325 See 0 m row. 
326 See 15 m row. 
327 See 0 m caddisfly row. Best fit by exponential, and did try 
power. 
328 See 0 m row. 
329 See 0 m row. 
330 See 15 m caddisfly bracken row. 
331 See 0 m row. 
332 See 15 m row. 
333 See 0 m row. 
334 See 15 m row. 
335 See 0 m row. 
336 See 15 m row. 
337 See 0 m row. 
338 See 15 m row. 
339 See 0 m stonefly row. Best fit by power. 
340 See 0 m row. 
341 See 0 m row. 
342 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
343 See 0 m row. 
344 See 0 m row. 
345 See 0 m stonefly row. Best fit by power. 
346 See 0 m row. 
347 See 0 m row. 
348 See 0 m row. 
349 See 0 m row. 
350 See 0 m row. 
351 Ephemeroptera, Plecoptera, Trichoptera Malaise trap data from 7 
streams in March-September 2000. Streams with differing land 
uses, but only moorland stream data were shown in the paper in a 
form that could be used here. Mayflies were separated by gender; 
combined here. Assumed stream and bank geomorphology and 
steam order and productivity from descriptions in Methods and 
from Weatherley & Ormerod 1990 (cited in paper). Data from 
Datathief on Figs. 3 and 4. Best fit by power. 
352 See 0 m row. 
353 See 0 m row. 
354 See 0 m row. 
355 See 0 m row. 
356 See 0 m row. 
357 See 0 m LI5 row. Best fit by power. 
358 See 0 m row. 
359 See 0 m row. 
360 See 0 m row. 
361 See 0 m row. 
362 See 0 m row. 
363 See 0 m LI5 row. Best fit by power. 
364 See 0 m row. 
365 See 0 m row. 
366 See 0 m row. 
367 See 0 m row. 
368 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
369 Insects collected on sticky traps over 2 months in summer. 
Assumed stream characteristics from description in Power 1990 
(cited in paper) and Power et al 2004 River Water Subsidies (in 
this spreadsheet) and references therein. Assumed cobble/gravel 
bars barren for 10 m (with sedge tussocks), then forested beyond. 
Data from Datathief on Fig. 14-4. Best fit by exponential, but 
didn't try others? 
370 See 0 m row. 
371 See 0 m row. 
372 See 0 m row. 
373 See 0 m row. 
374 See 0 m row. 
375 See 0 m row. 
376 See 0 m row. 
377 Elder Creek a tributary of S. F. Eel River. Estimated channel 
width from Seidl & Dietrich 1992 (cited in paper). See 0 m SF 
Eel Lycosid row. Best fit by exponential, but didn't try others? 
378 See 0 m row. 
379 See 0 m row. 
380 See 0 m row. 
381 Fox Creek a tributary of S.F. Eel River. Estimated channel width 
similar to Elder Ck. See 0 m SF Eel Lycosid row. Best fit by 
exponential, but didn't try others? 
382 See 0 m row. 
383 See 0 m row. 
384 See 0 m row. 
385 See 0 m row. 
386 See 0 m row for filmy dome spiders. These data from bat 
acoustic activity of 1 transect per 3 stream reaches. Data from 
Datathief on Fig. 15-8. Best fit by exponential, but didn't try 
others? 
387 See 0 m row. 
388 See 0 m row. 
389 See 0 m row. 
390 See 0 m row. 
391 See 0 m row. 
392 See 0 m row. 
393 See 0 m row. 
 250 
SUPPLEMENT 1. Column 16 continued. 
Row Comments 
394 See 0 m row for filmy dome spiders. These data from Lycosid 
spiders from 1 transect per 3 stream reaches. Data from Datathief 
on Fig. 15-7. Best fit by exponential, but didn't try others? 
395 See 0 m row. 
396 See 0 m row. 
397 See 0 m row. 
398 Filmy dome spider biomass at 6 transects along 3 sites on river 
from weeks in summer. Stream geomorphology estimated from 
Fig. 15-1. Channel and active channel (cobble bar) width 
estimated from Power 1990 Oikos. Bank structure estimated 
from picture in Sabo and Power (2002) Ecology 83(11) 3023-
3036 Fig. 2. Paper also contains aquatic adult abundance and 
biomass data, but better described in 
PowerandRainey2002ResourceSheds (also in spreadsheet), so 
left out here to avoid data redundancy. Data from Datathief on 
Fig. 15-6. 
399 See 0 m row. 
400 See 0 m row. 
401 See 0 m row. 
402 See 0 m row. 
403 See 0 m row. 
404 See 0 m row. 
405 See 0 m row. 
406 See 0 m row. 
407 See 0 m row. 
408 See 0 m row. 
409 Spider foodwebs, using 13C stable isotope and PCB 
concentration approaches. 3 sites, approximately 50, 200, and 
500 m in width (grouped together here). Actually an impounded 
river reservoir, so treated as a large river (7th order). Assumed 
gradual banks from pictures on author's website. Assumed 
productivity from description in paper. Used Author-used .04 
fractionation value from Post 2002 for mixing. Authors only 
computed % diet for 0 and 30 m, because 5, 10, 20 m were not 
significantly different from 30 m. Data from Datathief on Fig. 3. 
410 See 0 m row. 
411 See 0 m row. 
412 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
413 See 0 m row. 
414 See for 0 m 13C row. Raw data in g biomass. Authors computed 
exponential decay curve y=1.35e^-.31x. Fits poorly. Maybe just 
for high PCB site data? Best fit by exponential, but didn't try 
others? 
415 See 0 m row. 
416 See 0 m row. 
417 See 0 m row. 
418 See 0 m row. 
419 See 0 m 13C row. Raw data in spider PCB (ppb). Authors 
computed exponential decay curve y=2e^-.69x. Fits poorly. 
Maybe just for high PCB site data? Best fit by exponential, but 
didn't try others? 
420 See 0 m row. 
421 See 0 m row. 
422 See 0 m row. 
423 See 0 m row. 
424 See 0 m row for Predator Abundance. Combined all spider 
groups into 1 metric here for 15N proportions. Data from Table 
3. Best fit by exponential, but didn't try others? 
425 See 0 m row. 
426 See 0 m row. 
427 See 0 m row. 
428 5 transects. 15N injection used. Spider foodwebs. Stream order 
and geomorphology estimated from Fisher et al 1982 Ecological 
Monographs 52(1) 93:110. Vegetation sparse enough to classify 
it as barren here. Authors distinguish between wandering, sheet-
web, orb-weaving, and sit-and-wait (ground and vegetation 
subclasses) groups for parts of analysis. Authors computed spider 
abundance, biomass, and richness but the 3 patterns are similar, 
so just used Abundance. Other data on 13C and dispersal, but not 
spatially-explicit. Data from Datathief on Fig 5a. Best fit by 
exponential, but didn't try others? 
429 See 0 m row. 
430 See 0 m row. 
431 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
432 Collected Trichoptera in malaise traps in summer 1990. 
Deciduous beech forest 0-40 m. Data from dominant 5 taxa 
presented, separated by gender (combined here). Stream 
characteristics not listed in paper are from personal 
correspondence with the author. Data from Datathief on Fig. 3. 
433 See 0 m row. 
434 See 0 m row. 
435 See 0 m row. 
436 Trichoptera light trap data from June 1971 from both banks, by 
gender and species. Pine, beech, and alder forest. Estimated 
stream width, order, and geomorphology from Fig. 1 in paper and 
photos in Hultin et al 1969 and Otto 1969 (both cited in paper). 
Assumed stream productivity based on catchment land use. The 
data here are aggregated across both banks , genders, and 8 
species of Trichoptera. The paper also included data for 2 non-
lotic limnephilid species breeding in ponds; excluded those data 
here. Data from Datathief on Figs. 6-15. 
437 See 0 m row. 
438 See 0 m row. 
439 See 0 m row. 
440 See 0 m row. 
441 See 0 m row. 
442 Sticky trapping, recorded data as %aquatic of all captured insect 
biomass. Grass to 2 m, then cedar forest to 20 m, then cedar/grass 
to 40 m (traps to 40 m). Fit linear regressions, said they worked 
better than negative exponential or inverse power. Many did not 
actually show significant decrease with distance. Also data on 
consuming vs. non-consuming adult insects and variation by 
season (not considered here). Stream characteristics not listed in 
paper are from personal correspondence with the author. Data 
from Datathief on Fig. 1. Best fit by linear, tried others. 
443 See 0 m row. 
444 See 0 m row. 
445 See 0 m Byrd's Mill Creek row. Mixed deciduous poplar/red 
ash/maple forest to 40 m. Best fit by linear, tried others. 
446 See 0 m row. 
447 See 0 m row. 
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SUPPLEMENT 1. Column 16 continued. 
Row Comments 
448 See 0 m Byrd's Mill Creek row. Spring Lake Creek width is an 
average value across 3 sites. Best fit by linear, tried others. 
449 See 0 m row. 
450 See 0 m row. 
451 Stoneflies captured using Malaise traps May 2000-April 2001. 
Open southern beech forest. Paper separates stoneflies into 2 
species and by sex; combined here. Stream characteristics not 
listed in paper are from personal correspondence with the author. 
Data from Datathief on Fig. 2. Best fit by exponential, but didn't 
try others? 
452 See 0 m row. 
453 See 0 m row. 
454 See 0 m row. 
455 See 0 m row. 
456 See 0 m row. 
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